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MARINE SCIENCES DIRECTORATE, PACIFIC REGION 


PACIFIC MARINE SCIENCE REPORT 74-8 


AN ASSESSMENT OF THE USES 


OF ERTS-1 ARCTIC IMAGERY 


by 


J.R. Marko and J.F.R. Gower 


Victoria; BIC: 
Marine Sciences Directorate, Pacific Region, 
Environment Canada, 

May, 1974 


This is a manuscript which has received 
only limited circulation. On citing this 
report in a bibliography, the title should 
be followed by the words “UNPUBLISHED 
MANUSCRIPT" which is in accordance with 
accepted bibliographic custom. 


I. SSintroduction 

The NASA ERTS-1 (Earth Resources Technology) 
satellite was launched during July, 1972. Moving in a nearly 
polar, sun-synchronous orbit at an altitude of 900 km, this 
satellite contains a Multi-Spectral Scanner (MSS) capable 
of providing surface imagery in each of four wavelength bands: 
MSS-4 (0.5 to 0.6 um), MSS-5 (0.6 to 0.7 um), MSS-6 (0.7 to 
0.8 um), and MSS-7 (0.8 to 1.1 um). Digital renresentations 
of images obtained over Canada and its environs are trans- 
mitted<to, Pand recorded at, -the Prince Albert, Saskatchewan 
receiving station of the Canadian Centre for Remote Sensing 
(CCRS). So-called Quicklook 9" x 9" nhotographic represent- 
ations of the image data may be obtained from Donald Fisher 
Ltd. ; of Prince Albert within two weeks of the observation 
date, The National Air Photo Library (NAPL) in Ottawa also 
provides imagery, after somewhat greater delay, which is 
partially corrected for satellite pitch and yaw and which, 
presumably, has fewer processing distortions than the Quicklook 
product. At the present time, however, the most consistent 
high quality imagery is being obtained directly from the Sioux 
Falls, S. Dakota, office of EROS. The delivery time in the 
latter case is approximately 1 to 3 months. 

The Marine Sciences Directorate, Pacific Region, has 
now compiled approximately 750 Quicklook and NAPL images of 
the eastern Beaufort Sea and western Canadian Arctic arch- 


ipelago (See Figure 1 and Table 1). The motivation for 


assembling this collection was provided by the growing need to 
monitor the movements, growth and melting of ice in conjunction 
with the Beaufort Sea and other Arctic research programs. The 
present report offers a brief summary and evaluation of the 
usefulness of satellite imagery in these contexts. It begins 

in. .Section.§Fl.waith-.asshert PEE Rae and discussion of the 
characteristics of this imagery such as the degree of surface 
coverage, repetition rate, resolution, and accuracy. Examples 
of the use of this new observational tool in the Canadian Arctic 
are then given (Section III) prior to a summary and recommend- 


ations in the closing Section IV. 


II. Imagery Characteristics 

The standard ERTS-1l image represents a 185 km x 185 km 
region of the earth's surface. Repetitive coverage is obtained 
at eighteen-day intervals when earlier orbits are retraced. 
However, due to the convergence of orbital paths at the higher 
latitudes, a given location in the Canadian Arctic can usually 
be observed (cloud-cover permitting) on at least five successive 
days. In the 1973 ice. year, atmospheric conditions in our areas 
of interest were such that detailed successive-day imagery was 
obtained primarily in the June 14 to July 28 time interval. 
Nevertheless, in spite of spatial and temporal discontinuities 
in coverage, useful data can be extracted during most of the 
April to October viewing period. Oualitative monitoring of ice 


and snow conditions is possible over an even longer fraction of 


the calendar year (see Figures 2a-2e) even at a 75°N latitude. 
The resolution of ERTS-1 imagery is roughly 70 m. 
This pitep ites in ay apply to the processed NAPL and NASA products 
but a 100 m value would seem more realistic in the case of 
Quicklook representations. A similarly reduced accuracy or 
freedom from distortion is also associated with the latter 
images. According to the CCRS awattad ot the relative 
positions of any two points can be specified with 500 m 
accuracy only in 25 km x 25 km or 10 km x 10 km areas 
respectively of the NAPL and Quicklook imagery. 
Since many applications require measurements of 

relative position over distances significantly larger than 
25 km, further discussion of accuracy is appropriate. In 
particular we shall concern ourselves with measurements which 
extend across two’ or more 185 km x 185 km Quicklook images. 
Precise relative positioning of the adjoining (along orbital- 
track) images is greatly complicated by several defects: 

1. Quicklook imagery does not offer continuous coverage 

along the orbital track. Instead, gaps corresponding to 

distances ranging between 1 and 3 km separate the adjoin- 

ing images. 

2. The dimensions of the nominally square or rectangular 

images are not constant. Some of this variation can be 

attributed to the characteristic "pin cushion" distort- 

ions which arise from non-linearities in the oscilloscopic 

representation of the raw digital image data. In general, 


we found that both the across-track and along-track 


dimensions were subject to a roughly 1 mm variation within 

each image. 
3. These images were not corrected for the distortions 
induced by the earth's rotation. The resultant distortions 
correspond to a "skewing" arising from the "shear" in the 
cross-track scan lines and to a reduction in the along- 
track scale. The latter effect is introduced by the non- 
vanishing component of the earth surface velocity in the 
direction of satellite motion. These distortions diminish 
with increasing latitude because of the corresponding 
reduction in the speed of the rotating earth. At 70°N 
these effects produce distortions of no more than 3%. 
Rotational effects are accounted for in EROS and 
"precision processed" NAPL imagery. 
4. An unexplained distortion in the imagery obtained 
prior to July 24, 1973, produces an along-track scale 
of approx. 1:900,000 as compared to 1:1,000,000 cross- 
track’. On the latter date, a deliberate "shrinkage" 
of roughly 8% was effected in the along-track direction 


to correct this situation. 


We have attempted to estimate the errors which these 
defects introduce into long-range surface mapping. Our pro- 
cedure was based upon comparisons of the daily image swaths 
which can be constructed from adjoining along-track photos. 


In those instances when land or unchanging ice features 


appeared in and near the "gap" region, relative positioning 

of these images was satisfactorily effected by comparison 
with overlay traces obtained from uninterrupted images of 
these features. Accordingly, considerable uncertainty was 
associated with the positioning of image pairs which did not 
offer this advantage. These uncertainties were estimated by 
positioning several swaths obtained on successive days to 
insure the congruence (on a. transparent plastic overlay) of 
several common coastal (Northwest Territories) landmarks. 
Differences were then noted (on the overlay) in the position 
of other, more northerly, archipelago landmarks as deduced 
from the different daily swaths. -It was found that: this 
uncertainty varied roughly linearly with the distance from the 
congruent landmark or "reference" region and remained. 
generally less 5 1% of the latter: distance. Obvious procedures 
may be applied to correct the small, skewness-induced errors 
which remain in the directions and magnitudes of the relative 
displacement vectors which connect any two points on these 
swaths. 

From the above it can be seen that, to a large 
extent, the accuracy of mapping obtainable from Quicklook 
imagery is determined by the availability of reference landmarks 
near the region of interest. This .restriction may not be as 
critical in the case of the processed NAPL imagery which is 
accompanied by the computer-calculated positions of each image 


centre. Although little information is presently available 


concerning the accuracy of these calculated positions, their 
specification, which is confined to nearest minute of arc 
precision, would in itself introduce uncertainties of roughly 

2 km into distances measured across the boundaries of adjoining 
along-track images. Although the present investigation has 
been primarily confined to the Quicklook format, it would seem 
useful to initiate studies of NAPL imagery with regard to its 


actual accuracy in long-range mapping. 


III. ‘The 1973 ERTS=1 Imagery of the Eastern Beaufort Sea 

In the eastern Beaufort Sea region land features are 
sufficiently numerous to allow the mapping of sea ice to 
proceed from Quicklook imagery with an accuracy sufficient for 
many oceanographic applications. For illustrative purposes 
we have represented the uncertainties of position location at 
various points in this’ area by the circles of Figure 3a. These 
uncertainties were observed to be significantly smaller than the 
corresponding daily movements of floating ice in the spring and 
summer of 1973 (see, for example, Figure 4): hence allowing 
the construction of the ice position and velocity maps of 
Figures 3a, 3b, 3c. 

It was found that, in spite of the absence of 
continuous daily ERTS-1 coverage, the time scales of the 
Beaufort Sea ice processes are such that the available imagery 
can offer a good qualitative or even semi-quantitative picture 


of the yearly cycle.” A good portion of this’ cycle can be 


understood, or at least described, relative to an extremely 
long (900 to 1000 km) lead which runs in a northeasterly 
direction from McKenzie Bay to'Meighen Island. This lead is 
a distinctive feature of the NOAA II satellite image of the 
northern hemisphere obtained on April 9 and included as Figure 
5 of this report. It appears in the earliest available (early 
March) 1973 Quicklook imagery and, at least in its northern 
sections, undergoes several refreezing-reopening cycles before 
a huge polynya becomes established off the west coast of Banks 
Island in May. The summer portion of the ice-cycle consists of 
three more or less distinct processes: 

1. The gradual break-up and generally seaward drift of 

the shorefast ice which forms the eastern and southern 

boundaries of the polynya. 

2. A westward flow of ice out of Amundsen Gulf and McClure 

Strait into the original polynya region. 

3. The somewhat irregular motion of the edge of the great 

central Beaufort Sea ice pack which in fact forms the 


western boundary of the polynya. 


The central ice pack presumably rotates in accord 
with the postulated Beaufort Sea current gyre and the extremely 
long lead observed in the early 1973 imagery represents its 
DOLE OL contact (and friction) with the shorefast ice. The 
approximate positions of the edge of the dense (9/10 to 10/10) 
central pack ice are also included in Pigures ga,3b5¢c, -[ cap 


be seen from these Figures that the rapid ice motion of June 


and July diminishes as the edge of the central pack begins to 
move towards shore in August. In August and September, the 
rate of ice deterioration and motion has sufficiently slowed 
to allow the motion of larger floes to be fallowed over time 
intervals in excess of thirty days (see Figure 6). 

Quantitative characterizations of mesoscale strain 
at the edge of the central ice pack have recently been obtained 
from ERTS-1l imagery of the Point Barrow, Alaska region. 
Similar, and hopefully, correlated studies are of course 
feasible in the eastern portion of this sea. 

Barnes et a have listed several visual keys to 
the identification of ice-type, -age, and -surface condition 
from satellite imagery. ERTS-1l imagery is particularly useful 
in these respects because of its availability in four different 
wavelength ranges. It allows the high infrared reflectivity 
of ice, relative to water, to be used to estimate the "wetness" 
of a given Arctic surface. Thus, for example, the bright 
linear features which appear in the near infrared images of 
both nee and shorefast ice can be identified as either 
pressure ridges or surface draining fractures depending 
respectively suponethe bright or dark aspect of the surrounding 
recite It is often possible to observe the break-up of 
shorefast ice along the most prominent (i.e. visually brightest) 
pressure ridges (see Figure 7). 

In our opinion, one aspect of ERTS-1 imagery which | 


has not been specifically noted in earlier Arctic applications 


is its ability to provide qualitative information on surface 
wind conditions. For example, it seems likely that the 
surface wind direction may be deduced from the tendency of 
spicule or brash ice to accumulate on the downwind side of a 
refreezing lead (see Figure 8). As further Arctic meteor- 
ological data is accumulated, it also seems likely that the 
directional properties of other ice and low-lying cloud or 
fog formations can be used in similar contexts. Information 
of. thus-kind can serve to supplement and check the wind 
Magnitudes and directions which are calculated from meteor- 


ological charts for use in numerical models of sea-ice motion. 


IV. Summary and Recommendations 

This report has outlined the features of ERTS-1 
imagery useful to Arctic research. It has also tried to 
delineate the limitations and practical disadvantages of this 
new form of remote data. 

It seems clear that even Quicklook, the least 
accurate version of ERTS-1l imagery, can allow monitoring of 
the eastern and southern Beaufort Sea region to proceed at a 
frequency adequate for research programs on oil and ice 
interaction, wildlife movements, etc., which require only 
approximate specifications of ice position, packing density 
and lead orientation. In other studies concerned with 
currents and numerical modelling of storm surges, for example, 


the general utility of ERTS-1 data increases significantly with 
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its accuracy. In these cases further work seems necessary to 
attain and more clearly establish the ultimate accuracy of the 
convenient Quicklook format and to identify those applications 
which will require the use of either the raw digital data or 


the processed NAPL or NASA image products. 
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Table I - A listing of the ERTS-1 Quicklook imagery which has 
been accumulated to date in the Marine Sciences 
Directorate, Pacific Region of the Arctic areas 
outlined in Figure I. Images have been classified 
according to their orbital track, date and approximate 
northern and southern boundaries. 


Cycle C 
Date Track Latitude (°N) 
24-8-73 Lae 78 
25-8-73 18C 78 
Cycle D 
16-5-73 7D 78-80 
17-5-73 8D 76-80 
18-5-73 9D 77-80 
19-5-73 10D 80-82 
21-5-73 12D 78-80 
22-5-73 13D 80-82 
23-5-73 14D 80-82 
24-5-73 15D 80-82 
25-5-73 16D 78-80 
26-5-73 17D 78-80 
27-5-73 18D 78-80 
31-5-73 4D 78-80 
3-6-73 7D 78 
4-6-73 8D 78-80 
5-6-73 9D 80 
6-6-73 10D 73-77 
7-6-73 11D 79-80 
8-6-73 12D 77-79 
9-6-73 13D 77-78 
11-6-73 15D 79 
14-6-73 18D 79-81 
16-6-73 2D 78-80 


18-6-73 . 4D 78 


19-6-73 
20-6-73 
4-7-73 
7-7=73 
8-7-73 
10-7-73 
11-7-73 
15-7-73 
17-7-73 
18-7-73 
21-7-73 
24-7-73 
29-7-73 
50-7-73 
31-7-73 
4-8-73 
5-8-73 
14-8-73 
20-8-73 
21-8-73 
22-8-73 
2-9-73 
3-9-73 
7-9-73 
8-9-73 
9-9-73 
10-9-73 
11-9-73 
17-9-73 
22-9-73 
24-9-73 
26-9-73 
28-9-73 
2-10-73 
3-10-73 


5-10-73 
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5D 
6D 
2D 


5D 
6D 


8D 
9D 
13D 
15D 
16D 
1D 
AD . 
9D 
10D 
11D 
15D 
16D 
7D 
13D 
14D 
15D 
8D 
9D 
13D 
14D 
15D 
16D 
17D 
oD 
10D 
12D 
14D 
16D 
2D 
3D 
SD 


78 
78 
78-80 


"Tr =0 


78-80 
78-80 
78-80 
79-80 
78-80 
78-80 
78-80 
79-80 
78-79 
78-80 
78-80 
79-80 
79-80 
79-80 
78 
cy) 
78 
80 
78 
75-77 
78-81 
78-80 
80 
80 
79 
Ay, 
78 
78 
80-78 
79 
80 
80 


23-6-%3 
26-6-73 
2726-75 
28-6-73 
30-6-73 


Date 
27-2-73 
4-4-73 
22-4-73 
10-5-73 
28-5-73 
15-6-73 
3-7-73 
21-7-73 
1-10-73 
18-3-73 
5-4-73 
23-4-73 
11-5-73 
29-5-73 
16-6-73 
4-7-73 
22-7-73 
14-9-73 
2-10-73 
20-10-73 
19-3-73 
6-4-73 
24-4-73 
12-5-73 
30-5-73 
17-6-73 
Bets 
23-7-73 
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9D 
12D 
13D 
14D 


16D 


Cycle E 


Track 


fit 
79 
77 
78 


78-80 


Latitude (ON) 


77-68 


80-69 
80-69 


81-64 


78-75 
70-68 
80-69 
80-68 
77-67 
77-67 
80-71 
80-73 
79-65 
80-67 
80-67 
80-75 
80-76 
75-68 
79-69 
77-67 
79-69 
79-69 
77-68 
81-69 
80-68 
80-68 


10-8-73 


3-10-73 
21-10-73 


7-4-73 
24-4-73 
13-5-73 
31-5-73 
18-6-73 
6-7-73 
29-7-73 
11-8-73 
29-8-73 
16-9-73 
4-10-73 
22-10-73 
21-3-73 
8-4-73 
26-4-73 
14-5-73 
1-6-73 
19-6-73 
7-7-73 
25-7-73 
50-8-73 
17-9-73 
9-10-73 
23-10-73 
22-3-73 
22-4-73 
15-5-73 
2-6-73 
20-6-73 
8-7-73 
26-7-73 
31-8-73 
18-9-73 
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3E 
3E 
3E 
4E 
4E 
4E 
4E 
4E 
4E 
4E 
4E 
4E 
4E 
AE 
4E 
SE 
SE 
SE 
SE 
SE 
SE 
4E 
4E 
AE 
4E 
4E 
4E 
6E 
6E 
6E 
6E 
6E 
6E 
6E 
6E 
6E 


79-80, 68-69 
80-75, 71a 
74-66 
TRACT 
77-69 
78-68 
79-69 
80-67 
80-68 
80-69 
73-69 
73-70 
80-68 
80-72 
73-69 
80-67 
80-67 
PIAGT 
78-68 
Pig 
80-68 
79-69 
75-68 
76-69 
80-67 
74-65 
77-68 
78-68 
78-67 
80-68 
68-69 
80-65 
76-68 
80-69 
76-68 
80-69 


6-10-73 
24-10-73 
28-4-73 
16-5-73 
3-6-73 
21-6-73 
9-7-73 
1-9-73 
7-10-73 
25-10-73 
4-6-73 
22-6-73 
10-7-73 
28-7-73 
2-9-73 
23-6-73 


nh 


6E 


6E 


75 
7E 
7e 
7E 
7E 
7E 
15 
this 
8E 
8E 
8E 
8E 
8E 
9E 


68-65 
69-67 
77-67 
80-69 
80-69 
80-65 
78-69 
79-69 
77-69 
69-68 
78-69 
75-65 
79-68 
75-68 
77-69 
78-73 
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Figure! 2e—---ERTS=1-imagery”of Eglinton, Prince Patrick» and 
Melville tslande areavtor<. J2 lO 25 
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¢ Banks 


) Island - : 


Figure 3a - The daily positions of several icefloes are 

plotted for a time period in- June, 19735. . The numbers in 
parentheses next to each resulting displacement vector sequence 
denote the corresponding initial and final days (of the month) 
for observation of a given floe. The uncertainties in these 
position determinations are represented by the circle and the 
approximate positions of the dense) (9/10 to 10/10) central 
icepack are indicated by the broken line. 
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Atkinson Point , 


Figure 3b - The daily positions of several iceflows for a. 
time period in July, 1973. Some daily positions are not 
included because of cloud-cover interruption of observations. 
The displacement vectors connecting the resulting pairs of 
2-day separated points are depicted as broken in this figure. 
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Cape Parry 


Figure 3c - The daily positions of several icefloes are 
plotted for a time period in August, 1973. 
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Figure 5 - A low resolution NOAA II satellite image (in the 
visible band) of North America on .9-4-73;% The 
lead system referred to in the text appears 
centered approximately at 74°N, 129°w. 


Figure 6 
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The following images were obtained for an area off 
the western coast of Banks Island on (a) 30-8-73; 
(b) 31-8-73; (Cc) 1-9-73: (d) 2-9-73:; and (e)1/-9-73. 
Images (a) through (d) allow daily measurements of 
the rather slow ice motions while the comparison of 
(d) and (e) illustrates the relative constancy of 


the ice forms and configurations over longer 


periods of time. 
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These images were obtained on successive days, 
(a) 127=4=73)- ands (bd): 28-4-73' for the’ portion of 
the extensive lead system which lies off the 
northwestern coast of Banks Island. Over the 
included time interval, the lead can be seen 
to have widened appreciably and the continued 
accumulation of new ice (which appears only 
slightly lighter than the dark open water) on 
its left-handside can be taken as evidence for 
a prevailing right-to-left surface wind. 
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Figure 8b 
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INTRODUCTION 


Late on January 24, 1973, the freighter Irish Stardust grounded on 
Haddington Reef rupturing two fuel tanks, and spilling roughly 200 tons 
of heavy '1000 second' fuel oil into Broughton Strait. 

The majority of this oil was deposited along the shores to the east 
by the receding high tide on the morning of January 25 (high tide of 
14.6"). The town of Alert Bay on Cormorant Island was the community 
most affected. The attached map shows the geography of the area and the 
most polluted beaches. 

Major clean-up operations were conducted on the beaches of 
Cormorant Island and other islands further to the east. However, one 
of the more contaminated bays was sufficiently isolated that it could 
be left undisturbed for scientific study. This bay was code-named 
Reserved Bay. 

The Ocean Chemistry Division, Marine Sciences Directorate, 
pursued a study of Reserved Bay to gather information on the natural 
degradation of heavy fuel oil. A series of five visits to the bay 
was made over the period of a year to obtain chemical samples, 


observe the physical fate of the oil, and follow its ecological effects. 
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DESCRIPTION OF THE STUDY AREA 


Reserved Bay is a semi-exposed bay situated on the west side of the 
largest island of the Pearse group (see Fig. 2). The north and south sides 
of the bay are bounded by vertical rock faces five to ten feet in height. 
Its head is bordered by a Pee a of meadow and marsh grasses. A small 
stream flows onto the south end of the beach. The low-tide zone consists of 
a clay-based mudflat; the mid-tide zone of stone, sand, and pebble areas; 
and the high-tide zone of rock faces and patches of sand, stone, and pebbles. 
The area surrounding the Sessa is mostly a sand-clay mixture. 

Rockweed (Fucus distichus) extends from high to mid-tidal areas. The 
low-tide mudflat harbours eelgrass beds (Zostera marina). Brown algae 
(Alaria marginata and Laminaira sp.) grow on logs which are partially 
embedded in the mud. Mud holes suggest the presence of clams, polychaete 
worms, and/or shrimp. Barnacles (Balanus glandulus), shore crabs (Hemigrapsus 
nudus and H. oregonensis), amphipods (Orchestia sp), periwinkles (Littorina 
sitkana and L. scutulata), and turban snails (Calliostoma sp.) frequent 
mid-tidal areas; while the latter three and the limpets (Acmaea spp.) are 
the prominent fauna in the higher tidal zones. A peculiar characteristic 
of the bay is the absence of the typical scattering of barnacles at the 
higher tidal levels. 

In general, this species composition is typical of intertidal life in 
a British Columbia semi-exposed habitat. Also, the physical characteristics 
of the bay are common to thousands of inlets and bays along the complex 
coastline of British Columbia and Alaska. Reserved Bay, then, provides a 
good 'case study' of the environment which would be affected by an oil spill 


on the west coast. 


Reserved Bay Study Area 


Figure 2. 
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FIELD METHODS 


Reserved Bay was visited five times over a one-year period as follows: 


January 24, 1973 Grounding of Irish Stardust 


January 25 Oil contamination of Reserved Bay 

January 30 First visit, five days after spill 

March 9 Second visit, six weeks after the spill 

June 5 Thicd-visit, four and a half months atter the 

spill 

August 28 Fourth visit, approximately eight months after 
the spill 

January 26, 1974 Fifth visit, one year after the spill. 


On each visit the same general procedure of observation and sampling 


was followed. The ensuing paragraphs detail this procedure. 


Observation of the Oil: 

The physical appearance of the beach and the extent of oil contamination 
were described. To complement the written description and objectively 
record the appearance of the beach, a series of colour photographs was 


taken. 


Chemical Sampling: 
Samples were taken down the beach from the heavily contaminated upper 
tidal area to the apparently clean lower area, and further samples were 
taken of the various contaminated substrates (sand, gravel, rockweed and 
rock face) and of oil floating as a slick. They were stored in tightly-capped 


brown bottles and frozen upon arrival at the laboratory. 


Biological Observations and Sampling: 
On the first visit, there was no biologist present, so unfortunately 


no assessment was made of the effect of the oil on the intertidal life. 


For the remaining visits, the biological program included: 


a) a general description of the biological state of affairs 


b) a transect down the beach 


core sampling for meiofauna (benthic animals less than one mm 


c) 
largest dimension). 


The following section gives the general observations recorded for 


each visit. 


OBSERVATIONS 


FIRST VISIT 

January 30, 1973 

1000-1400 

itGgest High Of 14.59 2c. at F005 


Low Of (G0 ft... at 1740 
Five days after spill 


Visual Observations: 

There was an oily pacer on the surface waters of the cove. Oil-soaked 
material and thick black patches of oil were observed near the beach. 

The receding tide revealed the following oil pollution in the cove 
above the mid-tide mark: 
Northern rock face to logging winch:A band of oil covered a vertical height 
of approximately five feet downwards from the high tide mark. Coverage was 
continuous over rocks, rock faces, logs and sea weed, with a coating 1 to 
5 mm thick. The sand was oily but not coated. A thick bed of detached, 
heavily-oiled rockweed (Fucus distichus) covered the high-tidal area at 
the head of the beach. The sand beneath was not oiled. 
Logging winch to south rock face: Trace amounts of oil only. 
South rock face: Oil coating was present but not continuous (approximately 


25%4 coverage in the five foot contamination band). 


Below mid-tide, the beach and rock faces appeared to be totally 


oil-free. 


SECOND VISIT 

Maren 9), “L973 

1030-1500 

Tides). Low OL 5.4 Lee ac LO3S0 
High ot t22921t..at 8635 

Six weeks after the spill 

Visual Observation: 

The areas of beach and rock affected by the oil were unchanged from the 
first visit. No migration of oil down the beach or to adjacent unoiled areas 
had taken place. 

The oil was perhaps less glossy and less sticky than on the first visit, 
but not markedly so. The coating of oil on the rockweed appeared to be 


thinner and more evenly spread. However, in general appearance, the oil 


looked very much as it had two months before. 


Biological Observations: 

Marsh grasses on the eastern head of the beach were heavily oiled, 
although surrounding sands were clean. The northern head of the beach was 
thickly covered with oiled, unattached rockweed (Fucus sp.). Removal of the 
algae revealed clean sands harbouring many active amphipods (Orchestia sp.). 
Attached, unoiled plants further down toward the mid-tidal zone were 
healthy in appearance. 

At the foot of the northern rock face, oil was very thick among the 
rocks. : Among the rocks, many oil-covered amphipods were found. Most 
were alive (slow, restrained movements) while smaller numbers exhibited no 
movement at all. 


Many empty, unweathered limpet shells (Acmaea spp.) were found lying 


at the base of oiled rock faces, suggesting a heavy kill of these animals 
by oil contamination. For example, forty-two recently dead limpets were 
found at the base of a heavily oiled rock face one square metre in area. 
The northern rock face, which was well oiled, was almost devoid of limpets 
(~ 2/m2) while southern rocks, with only patchy oil coverage, harboured 
much greater populations (%v 5O/m at 

Most periwinkles (Littorina spp.) found under oiled rocks in the upper 
tidal zones were lying free on the ground with their opercula tightly in 
position. 

The faunal and floral populations of the unoiled mid- and low-tidal 


area appeared to be unaffected. 


Comment : 

Biological damage appeared to be limited to those flora and fauna 
smothered Ly the oil. Populations of animals and plants living near, but 
not directly contaminated by the oil appeared to be healthy and normal. 

The action of waves and tides had not altered the pattern of contamina- 
tion of the cove in any way. 

The natural degradation processes appeared to be very slow. The oil 
had much the same visual appearance and properties as on the first visit 


six weeks earlier. 


= tHe 


THIRD VISIT 

June 5, 1973 

09 30-1230 

Tidess® Tow of 2.4 7£t? tat “1040 


High sof (1326 St, wal 20770 
Four and one half months after the spill 


Visual Observations: 

The oil occupied the same areas of the intertidal zone as before. It 
was less sticky and glossy-looking, with a dull, black, asphalt-like 
appearance. 

Closer examination showed that the oil still stuck to hands and feet, 
still leached a film of oil into the water, and still appeared fresh and 


glossy in crannies or under rocks. 


Biological Observations: 

Unattached oiled beds of rockweed still lay at the eastern head of the 
beach. The oil covering had weathered somewhat, and the plants were in a 
desiccated condition. More rockweed beds (unoiled) had recently been cast 
up approximately one metre below the oiled beds. The moist sand substrate 
beneath the rockweed harboured numerous healthy amphipods. 

Nearly all limpets had died and fallen off heavily oiled rock faces. 


The few remaining appeared to be successfully grazing on the oiled rock. 


a8 74. 


FOURTH VISIT 
August 28, 1973 
1130-0100 (+7) 
Tides: Low of 1.7 ft. at 0715 (+8) 
Hogi Dew coe2 tt, atts oUM (To) 
~ Eight months after the spill 
Visual Observations: 
Oil was still very evident along the rock faces and on the rock and 
gravel portions of the affected beach. It was not present in the sand. 
The oil had lost most of its sticky, contaminating properties and was 
very asphalt-like in appearance. However, fresher-looking oil could still 


be found under rocks. Oil still leached a surface slickon to the advancing 


tide wherever the beach had been disturbed and the fresher oil revealed. 


Biological Observations: 

Oil coverage of marsh grasses on the extreme eastern head of the beach 
was more weathered and plants were no longer stuck together in clumps. The 
grasses appeared to have been scoured free of some of the oil (perhaps sand 
scour). Surrounding sands were clean. 

About half of the bed of oiled rockweed had disappeared. All plants 
were well weathered and dried. 

A very high density amphipod population existed under the rockweed 
wherever dampness persisted, (v 1000 or more amphipods per square meter). 
Under-rock areas near quadrat 1 harboured many large amphipods (a few small 
amphipods as well) in spite of a sticky, oiled substrate. 

The oiled rock faces did not have any significant recolonization of 
limpets or littorinids. Southern rock faces described as relatively unoiled 
at the time of the spill, still had approximately the same species composi- 


tion and abundance as described in Visit 2. 
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FIFIB. VISIT 


January 26, 1974 

0930-1130 

Tadeas. Low of 6.7) fb. at,.0900 
High of 14.9 ft. at 1440 

One year after the spill 

Visual Observations: 

A superficial examination indicated the oil had disappeared. It was 
no longer evident on the small stones of the beach; and on the rock walls 
the dark stains of the oil were nearly gone. No oil was evident in the 
sand; and the oiled rockweed at the high tide line had completely disappeared 
and been replaced by fresh rockweed debris. 

Closer examination clearly revealed coagulated oil immobilizing the 
gravel on the most heavily affected portion of the beach. However, there 
were no pockets of fresh oil still hidden among the rocks, and the oil 
present had almost completely lost its sticky contaminating nature. Rocks 
and gravel could be handled without the need for plastic gloves. 

Visually, then, the cove appeared much cleaner, but oil was still 


present in the gravel and an unobtrusive thin black coating was present 


on rocks in some places. 


Biological observations: 

Biological conditions had undergone noticeable change with respect to 
previous visits. Oiled marsh grass stands on the north head of the beach, 
previously observed to be 15-25 cm high, were now about three to five cm 
high. Similar marsh grass stands on the southern beach head, which were 
not contaminated by oil, were growing in lenghts of 15-30 cm. Apparently 


the marsh grass had been affected by the oil. 


La. 


The beds of unattached, oiled rockweed had disappeared and new beds 
had been washed up. Few amphipods were found in these new rockweed beds. 
However, the base of the northern rockwall harboured very high numbers of 
small to large-sized amphipods. Limpets had not yet begun to recolonize 
the northern rock face but were beginning to recolonize smaller rock faces 
a few metres away. Periwinkles were found under rocks in areas previously 


devoid of them. 
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BIOLOGICAL EFFECTS 


In addition to the general biological observations already described, 
more quantitative data were obtained from transects and by analyzing sand 
cores for meiofauna (benthic animals less than one mm in length). The 


methods and results are discussed below. 
METHODS OF ANALYSIS AND RESULTS 


Meiofauna Sampling: 
At each station, a glass tube (four cm in diameter) was inserted 
1.5 cm into the substrate and removed with a core inside. The core was then 
preserved with four percent formalin in sea water. 
Animals were separated from the sand by electration. Faunal divisions 
classified and enumerated were: 
1. Nematodes - (Phylum Aschelminthes) 
2. Annelids - (Phylum Annelida) 
3. Copepods - (Phylum Arthropoda) 
4. Amphipods - (Phylum Arthropoda) 
5. Ostracods - (Phylum Arthropoda) 
Other organisms found in the samples were generally too few in number 
to be of significance, or too small to be identified (eg. foraminifera). 
Sampling areas were dictated by the availability of suitable sand 
substrates. Coring stations fell in a line down the shore, beginning below 
the northern rock face. 
The results of the sampling are presented as a table on the next 


page. 
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Transect Method 

During visits 3, 4, and 5. a transect was run on a perpendicular from 
the rock wall below benchmark B toward the lower tidal area. Quadrats were 
placed at one metre intervals along the transect, auearat 1 situated at the 
base of the wall. Quadrat size was 30 square cm. Recorded for each 
quadrat were: organisms present, numbers of organisms, percent composition 
of substrate, and visual presence or absence of oil. The data from these 


transects are given in the following tables. 
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Transect Results 
Of the organisms identified during this study, the most numerous were: 


Aigae: Fucus distichus (rockweed) 
Gigartina sp. | 
Molluscs: Acinara spp. (limpets) 


Littorina scutulats |. + t@rwrakles) 
L. sitkana 4 


Calliostoma sp. 


Crustacea: Orchestia sp. (amphipods) 


The population numbers of these species remained fairly stable throughout 
the study with the exception of the amphipods. Table 5 summarizes the 


change in amphipod numbers over time. 


TABLE 5 


TRANSECT STUDY: AMPHIPOD NUMBERS/T IME 


Quadrat No. Visit Number 

oe ag e=¥e 
1 os ie 100 
2 = - 100 
3 - bs = 
4 - - 2 
5 = = 30 
6 - ~ 10 
i = = 2 
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DISCUSSION OF BIOLOGICAL EFFECTS 


Introduction: 

This is not a before and after study. There are no data or observations 
of the conditions of the biota before the spill. Therefore, comment can 
only be made as to how the after-spill conditions in Reserved Bay differed 
from ROY aay ae but uncontaminated areas, and how populations have | 
changed over time since the spill occurred. A further limitation is that only 
lethal and obvious physical damage to the biota have been studied. Long- 


term sub-lethal effects have not been assessed. 


General Observations: 

The area physically covered by the spill was the upper tidal zone, 
and consequently populations in this area were the most affected. 

Marsh grasses at the upper limits of the spill experienced physical 
damage. Parts of the plant which were covered with oil (upper stems) were 
lost. It is not uncommon, however, for winter storms to similarly reduce 
marsh grasses to near-ground level, with extensive spring and summer growth 
restoring the aerial parts of the plant. Therefore, rejuvenation can be 
expected, and in fact the damage to the grasses may have been natural. 

It is a common occurrence for large amounts of rockweed to be tossed 
into the higher tidal reaches. The bed of detached rockweed observed at 
the top of the beach was almost certainly there before the spill,’ and 
then was oiled; almost rather then being oiled in the living state, detaching 
and washing ashore. However, some rockweed damage did occur due to the 


spill. The few attached plants in the oiled area of the beach became 


& 1p 


desiccated and moribund, presumably because oil coverage prevented light 
absorption and gas exchange. 

Heavy eae sie ps amcor eee observed iA the detached bed of 
oiled rockweed. This is a SoiieH oRCURE RARE Pe heveek oe Seay tae algae, 
and probably not a naniteeee irae Sete oil covering. 

The group of animals most ahebesl¢ AEFeCE OR by the oil Peek kh were 
the grazers: limpets and serivintent Many dead and moribund 
periwinkles were found in aera i on reveecond eee aad cHey did not 
reappear there until visit 5. The Derenere and southern rock aioe 
provided a clear comparison for limpets: the northern was:well oiled, the 
southern relatively unoiled. (Southern. rock faces sustained high densities 
of limpets (% sQume) throughout ‘the study, while the oiled northern rock ° 
face was nearly devoid of them (~ rims It is apparent that the oil 
coverage sharply reduced the limpet numbers. This statement is supported 
by the fact that large numbers of recently dead: limpets were.found at the 


base of the northern rock face and at ‘the base of other oiled rocks: 


Meiofauna in Sand Cores: 
The core samples contained meiofauna which are characteristic of a 
marine sandy environment (Bawden et al, 1973). There were relatively 


stable numbers of all members of the meiofauna except the amphipods(Table 5). 


ptyece beds of rockweed retain the oil, keeping it from the sand 
surfaces beneath. . This contradicts observations made on a Bunker C oil 
spill by Thomas (1973). Thomas indicated that species of rockweed were 
protected: from oil coverage by.a mucilaginous surface layer. The rock 
weed found in Reserved Bay (Fucus distichus) appeared to retain rather 
than repel oil coverage. 


ST oe ee 


Virtually no amphipods existed in the cores from Visits 2 and 4, with a 
sudden appearance of substantial numbers in cores from Visit 5. This 
could reflect a recovery of the population from the effects of oil 
(perhaps recolonization from other tidal levels). On the other hand, it 
could also reflect a seasonal habitat preference of various stages in the 
life cycle-of this particular organism (Orchestia sp.). Whatever the 
explanation the meiofauna appear to be a healthy and diverse community 


that were not devastated by the effects of the oil. 


Transects: 

Transect studies also reveal fluctations in amphipod densities while 
the densities of other organisms are relatively stable. Visits 3 and 4 
record very few amphipod numbers, while Visit 5 demonstrates a significant 
rise in numbers, particularly in the higher tidal levels. The fact that 
this recolonization consisted of both large and small amphipods indicates 
that this is not a recently hatched brood which has taken over since the 
spill, but rather a group of animals which has moved in from unaffected 


areas and taken up residence in the oiled habitat. 


Conclusion: 

Of the biotic community in Reserved Bay, only the organisms actually 
covered with oil appear to have been significantly reduced in numbers. 
However, many of these animals have vertical zonal distributions which 
extend into uncontaminated areas and, therefore, have the chance for fairly 
rapid recolonization. Once the oil has weathered sufficiently, adult 
animals may move directly into the affected areas, or young larval stages 
may settle out of the plankton. Natural recovery of the damaged areas should 


not be difficult. Considering the limited size of the spill, and the 


natural resiliency of marine biological communities, there should be no 


permanent damage to the biota of the bay. 


cr? 
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CHEMICAL STUDY 


Method of Analysis 

Oil samples from each visit to Alert Bay were analyzed by gas 
chromatography to determine the chemical changes that occurred to the oil 
due to the effects of weathering. 

Roughly one gram of material was weighed out from each sample into a 
centrifuge tube. Five ml of carbon disulfide were added and vigorously 
shaken to dissolve the oil. The tube was then centrifuged to remove 
particles of sand and other eortion material, and the cs. solution was 
decanted into a glass septum vial (teflon septum). These vials were kept 
refrigerated when not in use. 

The samples were analyzed by gas chromatography using two different 
kinds of columns. First the sample was run on a Dexsil column. Dexsil 
300 is a non-polar, high-temperature packing eevee can be programmed up to 
400°C with very little bleed. This gave a full chromatogram of the oil 
sample on a stable baseline. 

Secondly, a partial chromatogram of the sample was obtained running 
the sample on a FFAP column. FFAP is a polar packing, and it was used to 
separate the isoprenoid peaks (pristane and phytane) from the corresponding 
paraffin peaks (C,5 and C 


18)" 


The significance of these peaks will be made clear shortly. 


Results 

The results of the gas chromatographic analysis are given on the 
following pages in two sections, the first presenting the full chromatograms, 
the second presenting the isoprenoid/paraffin ratios. In both, the traces 


proceed chronologically from the original spilled oil through to the samples 


~ 26 - 


from the tinal visit. 


The spectrum of peaks in the full chromatograms reflects the concentra- 
tion of paraffinic compounds, the main components of oil. The numbering 
indicates the number of carbon atoms in the compound creating the peak. 
Thus the area under the peak labeled "15! corresponds to the amount of 


pentadecane in the sample. 
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Technical Data - Gas Chromatography Procedure 
Full (high-temperature) chromatograms: 

A Varian Aerograph 1400 gas chromatograph was used for this portion 
of the work. The working parameters were as follows: 


Sample size: 5 to 40 yl Carrier gas: N 
Column: length 10' by 1/8" diameter 

| 3% Dexsil 300 on 100/120 mesh Chromosorb W (acid-washed) 
ml/min: Carrier 20 H, 50 Air 350 

Inj. port: 300°C Detector: 400°C 


2— 


Column Conditions: Programmed 

Initial temp: 70 C, for two minutes 

Final temp: 400°C, hold 

Program rate: 6 °/min Chart speed: 0.5 IPM 


Detector: FID 


Sensitivity: variable, usually 32 x Mees 


Chromatograms for isoprenoid/paraffin ratios 
A Hewlett-Packard Model 5710A gas chromatograph was used. The para- 
meters were as follows: 


Sample size: 5 to 40y1 Carrier gas: He 

Column: length 10' x 1/8" diameter 

12.5% FFAP on 80/100 mesh Chromosorb G (acid-washed, DMCS treated) 
ml/min: Carrier 30 H, 34 Air 260 Make-up Carrier 26 
Inj. port: 200°C Detector port: 300°C 

Column conditions: programmed 

Initial temp.: 100°C for 2 min. 

Final temp.: 260°C for 4 min. 

Program rate: 8 /min. Chart speed; 0.5 IPM 
Detector; FID 

Sensitivity: 8 x 100 


CHROMATOGRAMS 


Sample of oil spilled at Alert Bay 
(taken directly from the fuel tanks of the Irish Stardust) 


Reserved Bay, first visit, five days after the spill 
(thick floating slick near the beach) : 


Comment: Note the very great similarity of the two chromatograms, with the 
relative heights of all peaks approximately the same. The only apparent 
weathering is a very small loss of C, and C compounds. . 

If the source of the polineing ity had been uncertain these 


chromatograms would have provided convincing evidence that the oil came from 
the Irish Stardust. 
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Second visit, six weeks after spill 
(thick oil from between the rocks) 


le sil Mraun 


Third visit, four and a half months after spill 
(oiled sand) 


——_ 


25 


anometly 


Comment: 


Very little change had occurred by the second visit, possibly 


because this sample was protected from some of the effects of weathering by 
being trapped between rocks. However, by the third visit a definite loss of 
compounds lighter than C 


25 had occurred relative to the heavier compounds. 


a, 


Fourth visit, eight months after spill 
(oiled surface gravel) 


Fifth visit, one year after spill 
(oiled surface gravel) 


Comment: By the fourth visit all the paraffin compounds had been degraded. 
The peaks at 17 and 18 are the isoprenoids: pristane and phytane. These 
two compounds elute at the same time as ithe paraffins Cy ‘and Cc respectively, 
but are not degraded as quickly by bacteria. The partial eePerarograna in 
the next section separate the isoprenoid and paraffin peaks to show the 
relative amounts of each. 

By the fifth visit, the 17 and 18 peaks appear to be diminishing, 
indicating the degradation of the isoprenoids. 


ee: ee 


Fifth visit 
second sample of oiled gravel 


Comment: This sample was taken a few metres from the previous fifth 
visit sample. The chromatogram indicates that the oil in this sample 
is not as severely degraded as even the fourth visit sample, since the 
paraffins from Cos to C35 are obviously still present. 

There is, ~°then, a significant variation in the rate of 


degradation of the sample depending on its locale. 


Isoprenoid/Paraffin Ratios 


The ratio of paraffins to isoprenoids gives a numerical means of 
indicating the rate of degradation of oil. The following chromatograms 
separate the paraffins from the more slowly degraded isoprenoids, and 
the ratios are given in a table following the chromatograms. (The same 


samples have been used as for the previous chromatograms. ) 
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6 weeks after spill 
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TABLE 6 


Paraffin/Isoprenoid Ratios 


Sample C,,/Pr* C1 3/Ph* 
Original fuel <9 eae 
Viste) 1.9 Zee 
Visit 2 i; 1.8 
Visit 3 toy ae 
Visit 4 | Ae se 
Visit 5 sample l <2 ae 
Visit 5 sample 2 Bs oe 


*Uncertainty: 15% rising to 30% for final samples 


Comment: The ratios clearly show the more rapid loss of the paraffins 
(heptadecane and octadecane) relative to the isoprenoids (pristane and 
phytane). This is characteristic of biological degradation of oil. 
Other natural degradative processes, such as photo-oxidation, normally 
oxidize the isoprenoids more quickly than the paraffins. 


Discussion 

It should be clearly understood that the chemical analysis of the 
spilt oil does not deal aten rhaveneual of the oil by physical processes. 
The action of wind, waves, and tide can physically carry away fie ea 
without chemically altering it. We term this "physical weathering". Some 
physical weathering of the oil sneer at Reserved Bay, and this was 
described in the visual observations made during each visit. | 

"Chemical weathering’ refers to the chemical alteration of the 
Cie y CRRERV AT Onmene: Ltviswthiseformecrt weathering that is eee by 
the chromatograms. iad a 

Four processes are known to cause chemical weathering: 

dissolution ; LBGE Tt! SUE ta 

evaporation 

abiological oxidation and polymerization(mostly photo-oxidation) 
biodegradation. 

Pi seuiietton and evaporation, the most rapid processes,’ affect only 
the lighter contends Saute these’ are tie ndst ‘soluble and Gua ere as 
The heavy fuel oil Opie By phe ree SEL PaCee ode ane a small 
portion of these lighter components and so dissolution/evaporation have 
only a minimal effect on the weathering of fic oll. Et is not: surprising 
that there is very little change in the chemical composition of the oil 
over the first five days of exposure as shown by the first two chromato- 
grams. 

Photo-oxidation and biodegradation are slower-acting processes. The 
effects of each are not easily separated. However, the more rapid removal 
of the paraffins relative to the isoprenoids,(as shown by the second set 
of chromatcgrams) is characteristic of biodegradation, indicating that 


this is the dominant process. 


a = 


The full chromatograms show the steady advance of biodegradation 
until, after approximately a year, the paraffins have been completely 
degraded. By comparison, in the laboratory where conditions are ideal, 
bacterial cultures can completely remove the paraffins from oil within 
24 hours (Mechalas et al, 1973). 

Bacterial degradation, then, appears to be the main mechanism for 
altering the chemistry of the oil on the beach. Under the conditions in 
the bay, and with the type of oil spilt, it takes on the order of one year 
for the bacteria to complete the degradation of the paraffins, leaving an 


asphalt-like residue on the stones of the beach. 


a cl 


CONCLUSIONS 


The conclusions that can be drawn from this study nave some general | 
application in any oil spill situation, but thets generality fe rnteed by 
several factors. 

Pirst, seep bl spill was small; the ere was not Cont true as alone 
the coastline, did not cover iret sr eearas eres: of the ceremerdat 
zone, and was not particularly thick aims: A nore complete coverage 
of the intertidal zone Lithia tee more drastic biological effects, since 
recolonization from unpolluted areas would be much more difficult. A 
thicker covering may take exponentially longer to weather since it may 
immobilize the beach, paving it like a road, so preventing physical weather- 
ing and also bacterial degradation of the middle layers. 

Secondly, the conclusions apply directly only to the type of oil 
spilt: heavy fuel oil. Oils Aan SRE components, for example diesel 
fuel, could be expected to disappear more quickly due to the effects of 
evaporation and dissolution but to have more severe biological effects. 

In the case of crude oil, the heavy fraction could be expected to behave 
like fuel oil, while the light fraction would, like diesel fuel, disappear 
rapidly and yet cause more biological damage. 

Thirdly, the conclusions are relevant mainly to shorelines that are 
semi-exposed. Exposed locations would undergo more physical weathering 
and the oil covering could be expected to disappear more rapidly. Very 


protected areas would be slower to recover. 
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Biological Effects 

Only those species that were in direct contact with oil seem to have 
been harmfully affected, particularly limpets and periwinkles, and perhaps 
isopods, rockweed and marsh grass. 

No species has been completely eliminated, and there are indications 
that recolonization is occurring. 

Within the limitations of the study, it eppears that there will not 


be any permanent effects on the biological community at Reserved Bay. 


Physical Weathering 

The physical action of the wind, waves, and tide did not appear to 
have much effect on the oil-covering in this semi-exposed location. The 
pattern of contamination remained identical throughout the year-long 
study, with the exception of the oiled rockweed and sand, which were 


gradually removed. 


Chemical Weathering: 

The major mechanism for altering the chemistry of the oil in the bay 
was the action of bacteria. The bacteria took on the order of one year 
to degrade the paraffin portion of the oil, leaving a thin, unobtrusive, 
asphalt-like covering on the rock and gravel of the beach. This thin 
coating appeared to be more susceptible to physical weathering than the 
original oil, and was gradually disappearing. 

In conclusion, the beach at Reserved Bay was still polluted by oil 
one year after the spillage occurred. However, approximately 90-95 
percent of the volume of the oil had been removed by various natural 


processes, and the area was beginning to recover from the relatively 


small amount of biological damage that had occurred. 
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APPENDIX 1 


SPECIFICATIONS OF FUEL OIL SPILT AT ALERT BAY 


Specific Gravity. at 15°C 0.9412 
ug aa | . - 
MIS, Rs Wer Os 465 
Carbon 9.04 
Flash Point | 91°C 
Pour Point -10°C 
Sulfur 2.41% 
Ash Trace 
Water Trace 


From fuelling report - Osaka, Japan 


This fuel is termed '1000 second fuel oil'. 
Bunker C. 


It is a less viscous mix than 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P 
(latitude 50°00'N, longitude 145°00'W) was inaugurated in 
December, 1950. The station is occupied primarily to make 
meteorological observations of the surface and upper air and to 
provide an air-sea rescue service. The station is manned by 
two vessels operated by the Marine Services Branch of the 
Ministry of Transport. They are the CCGS Vancouver and the 
CCGS Quadra. Each ship remains on station for a period of six 
weeks, and is then relieved by the alternate ship, thus main- 
taining a continuous watch. During part of 1974, the CSS 
Parizeau of the Department of the Environment replaced the 
CCGS Quadra, while Quadra was on operation "GATE". 


Bathythermograph observations have been made at 
Station P since July, 1952. A program of more extensive 
oceanographic observations commenced in August, 1956. This was 
extended in April, 1959, by the addition of a series of oceano- 
graphic stations along the route to and from Station P and 
Swiftsure Bank. These stations are known as Line P stations. 
The number of stations on Line P has been increased twice and 
now consists of twelve stations (Fig. 1). Bathythermograph 
observations and surface salinity sample collections, in 
addition to being made on Line P oceanographic stations, are 
also made at odd meridians at 40', i.e. 139°40'W, 141°40'W, etc. 
These stations are known as Line P BT stations. Data observed 
prior to 1968 has been indexed by Collins et al, (1969). 


The present record includes surface temperature and 
salinity data collected from the Parizeau during the period 
12 April to 15 May 1974; hydrographic and continuously sampled 
STD data collected from the Vancouver during the period 10 May 
to 26 June 1974 and hydrographic data collected from the 
Parizeau during the period 21 June to 7 August 1974. 


All physical oceanographic data have been stored by the 
Canadian Oceanographic Data Centre (CODC), 615 Booth Street, 
Ottawa, Ontario, Canada. Requests for these data should be dir- 
ected to CODC. 


Biological and productivity data are published in the 
Manuscript Report series of the Fisheries Research Board of 
Canada (FRB), the Biological Station, Nanaimo, B.C., Canada. 
Requests for these data should be directed to FRB. 


Marine geochemical data are for the Ocean Chemistry 
Group, Marine Sciences Directorate, Department of the Environ- 
ment, 512 - 1230 Government St., Victoria, B.C., Canada. 


Program of Observations from CSS Parizeau, 12 Apr.-15 May, 1974 
(P-74-4) (CODC Ref. No. 15-74-004) 


Oceanographic observations were made by the ship's 
officers. 


En route to and from Station P, BT's were taken at all 
Line P and BT stations. A salinity sample was taken from the 
seawater loop at that time. The thermosalinograph recorder was 


run continuously. 


At Station P the oceanographic program was carried out 
as follows: 


A ae Physical Oceanography 


1) BT's were taken every 3 hours to coincide with meteoro- 


logical observations. 


2) Salinity samples daily at 0000 hrs GMT from the seawater 
loop. 


II. Marine Geochemistry 


Samples were obtained as follows: 


1) Nutrient samples daily at 0000 hrs GMT from the seawater 
loop. | 


2) Alkalinity samples once every three days from the sea- 
water loop. 


3) Air CO, samples weekly in quadruplicate. 


Program of Observations from CCGS Vancouver, 10 May-26 June, 1974 
(P-74-5) (CODC Ref. No. 15-74-005) 


Oceanographic observations were made by Mr. C. de Jong, 
Marine Sciences Directorate, Department of the Environment. 


En route to Station P, Line P stations 1-9 were occu- 
pied and an STD profile made to near bottom or 1500 metres. A 
Salinity, nitrate, nutrient, alkalinity and total CO, sample was 
taken at that time from the seawater loop. BT or XBT'sS were 
taken at these stations and BT stations. After station 9 all 
remaining stations were cancelled due to rough seas. No surface 
samples could be taken due to air in the seawater loop system. 
The thermosalinograph was shut down for the same reason. The 


surface temperature recorder was run continuously. 


At Station P the oceanographic program was carried out 
as follows: 


rs Physical Oceanography 


1) Profiles of salinity, temperature and oxygen were ob- 
tained weekly from 6 hydrographic stations. 


2) 


3) 


4) 


5) 


STD profiles to 1500 metres following the hydrographic 


stations. 


STD profiles to 300 metres between the hydrographic 
stations. 


BT's were taken every three hours to coincide with met- 
eorological observations, encoded and transmitted accord- 
ing to the IGOSS format. 


Salinity samples daily at 0000 hrs GMT from the seawater 
loop. 


II. Marine Geochemistry 


1) 


2) 


3) 


4) 


5) 


Samples for alkalinity, total CO, and salinity were ob- 
tained from 6 depths to 500 metres and every three days 


from the seawater loop. 


Samples for nutrients, phosphate and salinity were ob- 
tained from 6 depths to 500 metres and daily at 0000 hrs 
GMT. from the seawater loop. Nutrient and phosphate 
samples were also collected once every hour for a 24 hour 


period. 


Air CO, samples weekly in quadruplicate. 


Two seawater C-,, samples extracted from the seawater 


loop. 


Seven surface tarball tows were made at a speed of 4 
knots. The duration of each tow was approximately 15 


minutes. 


III. Biological and Productivity 


Samples were obtained as follows: 
1) 19 - 150 metre vertical plankton hauls. 
1 - 1200 metre vertical plankton haul. 
6 - Surface plankton tows for 10 minutes at sundown. 
64 - Micro and nano organism samples filtered from 


the seawater loop. 


2) Samples for plant pigment, nitrate and C,, productivity 
were obtained from 3 stations to 200 metres. 


3) Approximately 300 salmon were caught. 
IV. Observations for Other Agencies 


1) Marine mammal observations were made by the ship's 
officers for Mr. I. McAskie, Fisheries Research Board 
of Canada, the Biological Station, Nanaimo, B.C., 
Canada. 


2) Bird observations were made by the ship's officers for 
Dr. M. Myres, University of Alberta, Calgary, Alberta, 
Canada. 


En route from Station P, Stations 12 and 11 were 
occupied and an STD profile made to 1500 metres. During the end 
of Station 11, the depth sensor of the STD failed to function. 
Stations 10-5 were continued with a model 8101 Guildline STD to 
300 metres. Salinity, nitrate, nutrient, alkalinity and total 
CO» samples were taken at that time from the seawater loop. 
Stations 4-1 were cancelled due to high winds. No surface 
samples could be taken due to air in the seawater loop system. 
The thermosalinograph was shut down for the same reason. BT's 
were taken at Stations 12-5, XBT's at Stations 4-1 and all BT 


stations. The surface temperature recorder was run continuously. 


Program of Observations from CSS Parizeau, 21 June - 7 Aug., 
1974 (P-74-6) (CODC Ref. No. 15-74-0006) <7 ne 
Oceanographic observations were made by Mr. E.W. 


Marles, Marine Sciences Directorate, Department of the 


Environment. 


En route to Station P, Line P stations 1-6 were 
occupied and an STD profile made to near bottom or 1500 
metres. After Station 6 the salinity sensor of the STD 
failed to function, causing the cancellation of Stations 7-12. 
Salinity, nitrate, nutrient and alkalinity samples were taken 
at all Line P stations. A BT or XBT was taken at all Line P 
and BT stations. Five surface tarball tows were made at a 
speed of 4% knots. The duration of each tow was approximately 


15 minutes. The thermosalinograph was run continuously. 


At Station P the oceanographic program was carried 
out as follows: | 


10 Physical Oceanography 


1) Profiles of salinity, temperature and oxygen were 
obtained from 8 hydrographic stations (2 to 4000 metres, 
4 to 2000 metres and 2 to 600 metres). Profiles of 
salinity and temperature were obtained from 3 hydro- 
graphic stations (1 to 2000 metres and 2 to 600 metres). 


2) BT's were taken every three hours to coincide with 
meteorological observations, encoded and transmitted 
according to the IGOSS format. 


3) Salinity samples daily at 0000 GMT from the seawater 
loop. 


II. Marine Geochemistry 


1) Samples for nutrients, phosphate and tritium were ob- 
tained from 6 depths to 500 metres. Nutrient, phosphate 
and salinity samples were also collected daily at 0000 
hrs GMT and once every hour for a 24 hour period from 


the seawater loop. 
2) Alkalinity samples every 3 days from the seawater loop. 
3) Air CO, samples weekly in quadruplicate. 


4) Two seawater C-14 samples extracted from the seawater 


LOOD:. 


5) Six surface tarball tows were made at a speed of 4 knots. 


The duration of each tow was approximately 15 minutes. 
III. Biological and Productivity 
Samples were obtained as follows: 


Hay ply 6 
2°= #200 7metre-vertical plankton hauls: 


150 metre vertical plankton hauls. 


9 - Surface plankton tows for 10 minutes at sundown. 
25 - Nano organism samples filtered from the seawater 
loop. 


2) Samples for plant pigment, nitrate and Ci, productivity 


were obtained from 3 stations to 200 metres. 


3) Approximately 250 salmon, 300 pomfret, 4 jack mackeral 
and 1 ribbon barracudina were caught. Pomfret appeared 
onid4 July. 


IV. Observations for Other Agencies 


1) Marine mammal observations were made by the ship's 
officers for Mr. I. McAskie, Fisheries Research Board 
of Canada, the Biological Station, Nanaimo, B.C., 
Canada. 


2) Bird observations were made by the ship's officers 
for Dr. M. Myres, University of Alberta, Calgary, 
Alberta, Canada. 


3) The 16 foot diameter disc buoy anchored at Station 
Papa by the University of California on 11 November 


1972 was removed from station. 


En route. from Station P only Stations 12, 10, 6 -and 
6 were occupied and a hydrographic cast made for temperature 
and salinity to 600 metres. Salinity, nitrate, nutrient and 
alkalinity samples were taken at all Line P stations from the 
seawater loop. BT's or XBT's were taken at all Line P and BT 


stations. The thermosalinograph was run continuously. 


Data was processed, assembled and edited for 
publication by Messrs. G de Jong, B. Minkley, E. Luscombe and 
E. Marles. 


OBSERVATIONAL PROCEDURES 


Temperatures at depth were measured by deep-sea-rever- 
sing thermometers of German (Richter and Wiese) or Japanese 
(Yoshino Keiki Co.) manufacture. Two protected thermometers 
were used on all Nansen bottles, and one unprotected thermometer 
was used on each bottle at depths of 300 m or greater. The 
accuracy of protected reversing thermometers is believed to be 
Ss O 2G. 


Surface water temperatures were measured from a bucket 
sample using a deck thermometer of + 0.1°C accuracy. 


Salinity determinations were made aboard ship with 
either an Auto-Lab Model 601 Mark 111 inductive salinometer or 
a Hytech Model 6220 lab salinometer. Accuracy using duplicate 
determinations is estimated to be + 0.003 ppt. 


Depth determinations were made using the "depth 
difference" method described in the U.S.N. Hydrographic 
Office Publication No. 607 (1955). Depth estimates have an 
approximate accuracy of + 5 m for depths less than 1000 m, 
and + 0.5% of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in the ship- 
board laboratory by a modified Winkler method (Carpenter, 1965). 


Line P engine intake continuous temperatures on both 
ships were recorded by a Honeywell Model 15303836 Recorder. 
The temperature probe is at a depth of approximately 3 metres 
below the sea surface and the instrument accuracy is believed 
tO be it O0n1 °C. 


Each ship is equipped with a Bissett Berman Model 
6600-T thermosalinograph which is used, on Line P, for continu- 


ous recording of surface temperatures and salinities from the 


“162 


ship's seawater loop. The temperature probe is mounted at the 
seawater loop intake (approximately 3 metres below the surface) 
and the salinity probe and recorder is situated in the dry lab. 
The accuracy of this instrument is believed to be + 0.1°C for 


temperature and + 0.1 ppt for salinity. 


Each ship is equipped with a Bissett-Berman Model 
9006 STD. 


COMPUTATIONS 


All hydrographic data were processed with the aid of 
an IBM 360 computer. Reversing thermometer temperature 
corrections, thermometric depth calculations, and accepted 
depth from the "depth difference" method were computed. 
Extraneous thermometric depths caused by thermometer malfunctions 
are automatically edited and replaced. A Calcomp 565 Offline 
Plotter was used to plot temperature-salinity and temperature- 
oxygen diagrams, as well as plots of temperature, salinity, and 
dissolved oxygen vs Soo depth. These plots were used to 


check the data for errors. 


Missing hydrographic data were obtained using a 
weighted parabolas interpolation method (Reiniger and Ross, 
1968). These data are indicated with an asterisk in this data 
record. 


Data values which we suspect but which we have included 
in this data record are indicated with a plus. These data have 


been removed from punch card and magnetic tape records. 


Analog records from the salinity-temperature-pressure 
instrument have been machine digitized, then replotted using 
the Calcomp Plotter. 


ye 


Digitization was continued until original and computer 
plotted traces were coincident. Temperature and salinity values 
were listed at standard pressures; integrals (depths, geopoten- 
tial anomaly, and potential energy anomaly) were computed from 
the entire array of digitized data. 


The headings for the data listings are explained as 


follows: 

PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 
SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) 

POT EN is potential energy in units of 108 ergs/cm? 
OXY is the concentration of dissolved oxygen ex- 


pressed in millilitres per litre 


B-V PERIOD is the Brunt-Vaisala period in minutes 


=, OES 
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SURFACE TEMPERATURE AND SALINITY OBSERVATIONS 


(P-74-4) 


SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
CRUISE REFERENCE NUMBER 74- 


DATE/TIME 
YR MO DY GMT 
74 4& 13 30 
74 4 13 230 
74 4 13 420 
74 4 13 740 
T* 4 13 2i00 
74 4 13 1720 
74 4 13 2315 
74 4 14 S20 
74@ 4 14 1135 
74 4&4 14 1740 
74 4 15 1) 
74 4 15 1800 
74 4 16 0 
74 j%&17 0 
74 4 18 1¢) 
74 4 19 0 
74 #4& 20 0 
74 #j4 21 0 
74 4 22 0 
74 4 23 0 
74 4 24 6) 
74 $j& 25 0 
74 4&4 26 i) 
74 4 27 0 
74 #4& 28 0 
74 4 29 0 
74 4 30 0) 
74 5 1 fe) 
To “S°) 2 ¢) 
Ta, eS eS 0 
74 SS 4 6) 
FA Bae ees 0 
Vis Gs 0 
fae SOE 0 
i see = 6) 
74 $S& 9 0 
hee sor @) 
1 SI Sem ie | 0 
74% #S 12 0) 
i ie SIs ee | 0 
1 fe AO ese oO O 
14S 8S51.30.0 
C&P ©-S (2S 153.0 
74 So 1S 2000 
f&— SiS e22e4S 
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SALINITY 


0700 
282864 
292339 
32297 
320413 
320445 
322564 
322641 
322507 
322558 
322611 
322634 


322654 
322700 
320679 
322679 
322661 
322693 
322693 
322716 
322709 
322707 
322692 
322698 
Seed 
322705 
322687 
322709 
322686 
322670 
3202669 
326693 
322635 
322690 
ge e051 
32636 
322657 
320 643 
322683 
32.603 
322638 
322609 
322616 
322¢596 
204005 
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TEMP 
G 


LONGITUDE 


WEST 
125-30 
ees oe 28) 
126-40 
127-40 
128-40 
130—37 
132-40 
134-40 
136-41 
138-40 
140-40 
143-20 


ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATIGN 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 


143=- 5 


140-40 
139-40 
138-40 
137-40 


re 


SURFACE SALINITY AND TEMPERATURE OBSERVATIGNS 
CRUISE REFERENCE NUMBER 74- 


DATE/TIME 
YR MO DY GMT 
14% 3S 13 2245 
74 S 14 140 
74 S 14 5009 
74 S14 j%(750 
74 $%S 14 1240 
74 5S 14 1545 
74 S 14 1840 
74 5S 14 2130 
14 > 15 40 
74 #%S 15 400 
TRS iS 7.10 
i032 OPO OO 
74S 1Se7u139 


SALINITY 


0/700 
322563 
32650905 
322548 
322480 
322491 
322492 
322541 
32¢545 
322265 
322047 
322039 
302478 
302815 


4 


TEMP 


LONGITUDE 


WEST 
137-40 
136=—37 
135-40 
134-21 
132-43 
131-40 
130-40 
129-40 
128-40 
127-40 
126-40 
126- 0 
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BATHYTHERMOGRAPH OBSERVATIONS 


(P-74-4) 
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BATHYTHERMOGRAPH OBSERVATIONS 


This section includes all B.T.'s taken on Line P outbound 


and inbound, and one a day on station P. 


Although B.T.'s at station P were taken every 3 hours, only 


the one taken at 1800 GMT has been shown. 


Weather conditions on Line P sometimes forces the cancellation 
of a B.T., in that case an X.B.T. was taken. These X.B.T.'s 
are shown following the B.T.'s. 
EXPLANATION OF HEADINGS 
Example: 0030/ 13-04-74 
48° 34' N. 


ZS Ones 


0030 = Time in GMT 


13 = Day 
04 = Month 
74 = Year 


48° 34' N. = Latitude 


125° 30' W. = Longitude 


re 


 eaennets eae ae 7 
cy Ey . 

HORSE ve, 

pond a 


0030 / 13-04-74 0230 / 13-04-74 
48% 34, 7 NN. 48° 3600 bie 
125 wy 20e5 Ve. 126 “ye OO 


0420 / 13-04-74 0740 / 13-04-74 
4680397 ¢N. 48° 43' N. 
126°" 400PW, Le SAO ih. 


1100 / 13-04-74 1720°/ 13-04=74 
48° 48' N. Aaa cae 
1238°%40 Vey. LEU ST es 
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pear re am 


co ewes 


ees 
aaee esaeeee 


phases = 


2100 / 15-04-74 0000 / 16-04-74 
AYOUSE Ni: ASS Set Ns 
243 S36 EW. 1S iN 


0300 / 16-04-74 0600 / 16-04-74 
B0P RF Gate 49°" S8TEN? 
144° 11' W. 144° 19' W. 


bf eeie = 


cs 


0900 / 16-04-74 1200 / 16-04-74 
AO A TSN. 49° 40 ' ON. 4 
144° 38' W. TAA 2. aM « 
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1800 / 16-04-74 1800 / 17-04-74 
49° 43' N. 49% a5 9 tN: 
LASS Loew . 144° 48' W. 


1800 / 18-04-74 1800 */m19=04=74 
50 Sao i. SOF has. 
144° 57' W. 144° 33' W. 


EVAN HY ce 
4 


2100 / 20-04-74 1800 / 22-04-74 
Orn UU ake 507 0 Ane. 
144° 49' W. 145°, 05 * UN, 


eRe 


a gBaee 


Lips) | PICTURE NOT 
Seat Se REPRODUCIBLE 


Rue Poy eee: 


ee mare 
- nal Smee 


1800 / 23-04-74 1800 / 24-04-74 
49°. 158" 'N. DU? gl 2S IN 
£45°*"89 "Ww , 145° 22) Wy 


1800 / 25-04-74 1800 / 26-04-74 
Ao ay" “Nh, 502 [4 oN. 
L4S% OO" "We, Loa" (SSN We 


begs 


1800 / 27-04-74 1800 / 28-04-74 
£99" SG?” Ne 50° O8° "NE 
ASP? Sr We La Sal OWS 
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1800 / 02-05-74 


1800 / 01-05-74 
49° 56" N. AO % ee Stig iN. 
na eh eS a 144° 37" W. 


1800 / 03-05-74 1800 / 04-05-74 
45 eae MPN. 50 °@ kb “ag. 
144° 56' W. 144° 39' W. 
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ee re 
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fae @ 
Zoo 
i - 
a 
BY 
fe ESS 
Woeuer’ 


OE MS OES 
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ere 


1800 / 06-05-74 1800 / 07-05-74 
SO? ~O2* ON. 50° "05" “IN. 
E45 ° SOs! "wi 144° 24' W. 
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1800 / 08-05-74 1800 / 09-05-74 
DU? O92. GOP 2. SON 
144° 45' W. 144° 57' W. 


1800 / 10-05-74 1800: / -1T-05-74 
49° 47' N. DOF pOSy aN 
144° 24' W. 145° 14' W. 


1800 / 12-05-74 
SD? Lord Ns 
Lager 5357" Wh 
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M6 Be 5 


14 


L300 Ye oom) 


050.0) 74 3-05-74 
49%) 25 ON iN a9° 20, NN. 
L43°. O5"q Ws 140° 40' W. 


i 
i 


MAE SS SR BE Sir 
gy ee 
fog Senet Nees. 
ee 


2000.75 1 3=05-=74 


1630 7213-05-74 
49° 06°: WN. AO. UOnswo hi 
E39°) 426.0 We L368" 40" We 


ee 
eee a 


PRSSEST SLL. 
Sa 


2245 / 13-05-74 0140 / 14-05-74 
49% 2 Ne 49" 25) iN 
Lai 40" We 36 Sige We 


aL 


rane 


pacer woes 


0500 °/) "14-05-74 0750 / 14-05-74 
a9? AES PEN 49° 09% oN : 
135° M4 OV EW. ; P34 20 Ws 


Ree 


1280-7 14+05-74 1545 / 14-05-74 
ASS 205.) VN. 49° 01 PAN. 
L327 /eeS 4, 13S Or Ww: 


1840 / 14-05-74 2130, 14-05-74 
AS 2. 57? | N. AS? S53 ap. 
150>..40" W. 129° 40" W. 
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0040 / 15-05-74 0400 / 15-05-74 
48° 48' N. 48° 44' N. 
128° 40' W. 127° 9407 WW. 


0710 / 15-05-74 1000. 4;,15<205-74 
48° 40' N. 48° it aN. 
L267 FeO Wa.. 126° OOTEW. 


1130 / 15-05-74 
46 °RS5 "UN. 
L25° 932° SW 


OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-74-5 


(CODC REFERENCE NO. 15-74-005) 


RESULTS OF HYDROGRAPHIC OBSERVATIONS 


(P=/'4-5) 
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Figure 2 Composite plot of temperature vs 10g;p) depth. 
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Figure 3 Composite plot of salinity vs 1log,p) depth. 
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Figure 4 Composite plot of oxygen vs 1log;p9 depth. 
P-74-5 
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34047 


7 


128-40.0W 


DEPTH 


te) 
10 
20 
30 
SO 


7S ~ 


99 
124 
149 
174 
199 
223 
248 
298 
397 
496 


595 - 


793 
991 
1188 


65 


DATE 11/7 S/74 


GMT 11¢7 
248 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
24298 
25210 
25227 
25234 
25244 
25253 
2506 86 
26226 
26248 
26260 
26067 
26270 
26273 
26-80 
26293 
27204 
27013 
270628 
27240 
27249 


SVA 


298e7 
28704 
27165 
264e7 
25601 
24727 
216¢5 
17807 
15709 
147.21 
140.28 
13727 
13565 
12828 
11765 
107.23 

9928 

8607 

7604 

6804 


DELTA 
D 
020 
0230 
0057 
0284 
1.36 
1.99 
2057 
3e 06 
3248 
3e 88 
4222 
4257 
4291 
54 S7 
6280 
7292 
8296 
10282 
12243 
13.88 


POT e 
EN 
029 
0201 
0206 
0213 
0234 
00.74 
Ltes 
1.282 
2240 
3204 
3e72 
4247 
Se 30 
7elS 

11252 
16268 

222438 

35270 

5047 

66268 


SOUND 


1484.6 
14836 
14826 
1481. 
1479.6 
1477. 
1478.6 
1478.6 
1477. 
1477. 
1477. 
1476. 
14766 
14756 
1475-6 
1475e 
1476.6 
14786 
1480. 
1481. 


SHUG 


DB 


500- 


CO 
CO 
Sz, 


Pint oo Oe: 


1200 7 


15005, 


Sc 
SALINI 


OO RAM Arado mit (Aah natively 
L G 


her. ING. Var oO 2= 6 
tS=-2eOONN 130G40N0GN 


MC. =5 DAT-11 ChI—1920 


33 
1% 


3 
wy OU 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


49- 


7T4- S- 
2eAN» 


RESULTS OF STP CAST 


PRESS 


¢) 

10 
20 
30 
50 
7S 
100 
12S 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


8e1l3 
8213 
Bell 
7298 
7el9 
62074 
6042 
6025 
6e21 
6203 
5-86 
5250 
5024 
4.86 
4230 
4203 
3285 
325i 
3a22 
2285 


SAL 


32055 
32255 
3256 
32056 
32260 
32062 
32275 
33250 
33267 
332e80 
33083 
33085 
33087 
33290 
33298 
34210 
34219 
34230 
34042 
34247 


6 
130-40.20W 


DEPTH 


fe) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


67 


DATE 11/7 S/74 


GMT 1920 
230 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
mi 
25236 
25236 
25237 
25239 
25253 
25261 
25275 
260 36 
26250 
26463 
26067 
26472 
26278 
26285 
26297 
272909 
272018 
27230 
27042 
27250 


SVA 


26207 
26209 
26202 
26005 
24702 
24023 
22669 
16962 
15603 
144.6 
14026 
135e9 
130e9 
124.4 
11362 
10226 

9520 

8465 

6720 


DELTA 
D 
020 
0226 
0053 
0.79 
1.230 
1.91 
2249 
3200 
3240 
3278 
4213 
4248 
481i 
52045 
6263 
Te7l 
8269 
10.48 
12206 
13246 


POT e 
EN 
020 
0201 
0205 
Oel2 
0233 
Oe71 
1e24 
1-81 
2238 
3200 
3268 
4243 
5224 
7202 

11e¢22 


16016 


21269 
34241 
48.281 
6455 


SOUND 


1480. 
14806 
1480.6 
1480. 
1477. 
14766 
14756 
14766 
1477. 
1476.6 
14766 
14766 
14756 
1474.6 
14736 
1474. 
14756 
1477. 
1479e 
1481. 


300 


DB 


CO) 
C 
= 


CO 
C3: 
i) 


PRESSURE 


1200 


130055 


oe 
SLANG 


LEMP ERAIRDRIES. s 
Ly G i 


Rha: ING. fae 
u9-10.0 N 132-40.0 W 


MO.-S DAY-12 GMT-e.0 


16 


OFFSHORE OQCEANOGRAPHY GROUP 


REFERENCE NOeo 
POSITION 


PRESS 


0 

10 
20 
30 
50 
(f= 
100 
i2s 
150 
L75 
200 
ees 
250 
300 
400 
500 
600 
800 
1000 
1200 


7T4- 5- 


49-10 2e0N. 
RESULTS OF STP CAST 


TEMP 


Te77 
T7eT77 
7249 
7241 
6072 
6037 
5e79 
6200 
6200 
5e85 
5266 
5040 
5217 
4262 
4.09 
3282 
3260 
3230 
2296 
2e74 


SAL 


32248 
32248 
32248 
32248 
32253 
i A hs We | 
32274 
33046 
33270 
33:0 7,7 
33282 
330 83 
33285 
33289 
33299 
34208 
34218 
34229 
34637 
34043 


132-4020W 
231 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


fe) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


69 


DATE 12/7 5/74 


GMT 


SIGMA 
T 
25035 
25655 
25239 
25041 
2506 54 
25258 
250 82 
262036 
26255 
260662 
26269 
26673 
26077 
26287 
27200 
27210 
27220 
27e31 
27041 


27248 


2e0 


SVA 


26209 
26363 
259-8 
258e8 
24625 
24265 
22002 
169e1l 
151.64 
144.7 
13807 
La 565 
13126 
1225 
11023 
101.28 
93290 
-B3e0el 
T4eil 
68e7 


DELTA 
D 
020 
0«26 
0252 
0278 
1629 
1290 
2047 
2297 
3236 
3274 
4.09 
4243 
4e77 
5240 
6256 
7eGl 
8258 
10235 
11.92 
13e35 


POT e 
EN 
020 
0201 
0205 
0212 
0233 
Oe7il 
le22 
1.78 
2034 
2296 
3263 
4238 
5218 
6296 

11207 

15.91 

21233 

3390 

48631 

64629 


SOUND 


14796 
1479.2 
1478.6 
1478.6 
14756 
14736 
14756 
14766 
14766 
14756 
14756 
1474. 
1473.6 
14726 
14736 
1474. 
14766 
1478-6 
1480.2 


300 


DB 


OF 
oR, 
E> 


CO 
ca 
cee. 


Dalecpsis, hae 


1200 


1500.5 


Se 
SAL INI 


he MP eRA TURE. 6 
= S Pe 


BREF. NOs 7h = 


UW9-16.0 N 134-40.0 W 


MOsa=S DAti-ie SGMT=9¥0 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


PRESS 


0) 

10 
20 
30 
50 
13 
100 
iz2S 
150 
eee 
200 
ne 
250 
300 
400 
500 
600 
800 
1000 
1200 


74- 5- 


49-164e0Ne 
RESULTS OF STP CAST 


TEMP 


7226 
7226 
70226 
7216 
6049 
5053 
5209 
5253 
Sele 
5248 
5e2l 
52900 
4.283 
4240 
4e11 
3292 
3266 
3029 
2e97 
2e71 


SAL 


32251 
32251 
32252 
32052 
32253 
32057 
322560 
33212 
33262 
33074 
33281 
33284 
3386 
33091 
34201 
34209 
34017 
34229 
342038 
34244 


8 


134-40.0W 


71 


DATE 12/7 5/74 


GMT 


920 


210 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


fe) 
10 
20 
30 
50 
Ae 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
$95 
793 
990 
1188 


SIGMA 
T 
25045 
25045 
25046 
25047 
25257 
25072 
25279 
26014 
26052 
26265 
26273 
26278 
266 82 
262090 
272-01 
27010 
27218 
27232 
27042 
27049 


SVA 


254.20 
25423 
2537 
2525 
24346 
22926 
22206 
18928 
154.20 
142.63 
13425 
130e1 
126e9 
118.8 
10923 
10167 

9404 

8223 

7309 

6729 


DELTA 
D 
020 
0225 
0251 
0276 
1.226 
1.84 
2e4l 
2094 
3037 
3274 
4208 
&e4l 
4.73 
5035 
6048 
7054 
8252 
10228 
11.284 
13226 


POT « 
EN 
020 
0201 
02-05 
Oel2 
0s 32 
0269 
12619 
1.80 
2240 
3201 
3267 
4239 
5216 
6288 

10.92 
15278 

21.27 

33278 

48.204 

63290 


SOUND 


1477-6 
1477e 
1477. 
1477. 
14756 
1471e 
14706 
14736 
14756 
1474.6 
1474. 
14736 
14736 
1472.6 
14736 
1473s 
1474. 
14766 
1478.6 
14806. 


ae 
SAL INI 


LEMP ERA Omer 
- S) hie 


Ao. NO. 7 = a a 
U9-26.0 N 136-40.0 W 
NMO.—> DA—le CMS Lay 


33 3 35 
Ty; p7 ee 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


PRESS 


) 
10 
20 
30 
50 
75 

100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


74- 5- 


49-26e0Ne 
RESULTS OF STP CAST 


TEMP 


7228 
7228 
7228 
Lary Ge) 
6282 
5.673 
5¢ 38 
620206 
5296 
5285 
5235 
5e00 
4077 
4235 
4213 
3283 
3263 
3230 
3201 
2e70 


SAL 


32057 
32657 
32258 
32e58 
32258 
32261 
320¢ 63 
S829 
33073 
33281 
33283 
33285 
3387 
33292 
34203 
34010 
342018 
34230 
34239 
34045 


9 


136-40-20W 


da 


DATE 12/7 5/74 
14e7 


GMT 


201 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
50 
re 
99 

124 
149 
174 
199 
eas 
2483 
298 
397 
496 
$95 
793 
990 
1188 


SIGMA 
T 
25249 
25049 
25250 
25252 
25256 
CD she 
25078 
26019 
26258 
26268 
26073 
26079 
2606 83 
26292 
27203 
27eil 
27220 
Bles2 
27042 
27250 


SVA 


24908 
250el1 
24965 
24820 
244.0 
22940 
22307 
18522 
148.7 
13903 
134.26 
12904 
12507 
11723 
10729 
10026 

9208 

8204 

7328 

66¢8 


DELTA 
D 
0.20 
0e25 
0250 
0275 
1¢24 
1283 
2040 
2092 
3032 
32e68 
4.02 
4e35 
4267 
5228 
60240 
7245 
Be42 
10216 
11.272 
13213 


POT e 
EN 
020 
0201 
0.05 
Oeoll 
0231 
0269 
1.219 
1.2.79 
2e35 
22094 
3260 
4231 
5208 
6279 

10278 

15258 

21201 


| 33044 


47268 
63243 


SOUND 


1477.6 
1477. 
1477. 
1477. 
14766 
14726 
1471le 
14756 
14766 
14756 
1474. 
1473.6 
14736 
1472.6 
14736 
14736 
1474.6 
14766 
1478.6 
1480. 


REMRERAT URES. © 
L 6 


Mier. NO. 7ub = os =~ Yl 


S0-OS0 ON 1453000) W 


MO =S; BAWH=1S Giik=2 lS 


fe Ss 
SAL INET 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 
RESUVETS 


PRESS 


ie) 

10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


50= 


74- 5S- 
OeONe 


OF STP CAST 


TEMP 


5278 
5278 
5078 
Sivs 
5276 
5e25 
4.60 
4282 
4e71 
4252 
4232 
4225 
4e15 
4e01 
3281 
3067 
3250 
3017 
2084 
2059 


SAL 


32266 
32e57 
32267 
32268 
32268 
322659 
32288 
33254 
33067 2 
33279 
33282 
33285 
33287 
33294 
34205 
34013 
34222 
34.233 
34041 
34246 


145- 


DEPTH 


fe) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


020W 
185 POINTS TAKEN FROM ANALOG TRACE 


fis 


DATE 16/7 S/74 


GMT 21e5 


SIGMA 
T 
25076 
25077 
25277 
25077 
252e78 
25284 
266 07 
26256 
26072 
26079 
26284 


26087 


26290 
26297 
27207 
27215 
27024 
27-36 
27245 
27051 


SVA 


22407 
22463 
22404 
22347 
223067 
217-5 
196e5 
149.25 
134.7 
12823 
1237 
121le2 
118-25 
11263 
10302 

9602 

8808 

7803 

7005 

6502 


DELTA 
D 
0.0 
Oe22 
0245 
0267 
1.212 
1.68 
2020 
2263 
2299 
3e31 
3263 
3093 
4e23 
4281 
5e 89 
6.88 
7281 
9248 
10.296 
1232 


POT e 
EN 
020 
0201 
0205 
0210 
0229 
0264 
leli 
1.60 
2209 
2064 
3024 
3290 
4262 
6024 

10.207 
14264 

19.83 

31266 

45228 

60049 


SOUND 


1471le 
1471. 
1471. 
1472. 
14726 
1470. 
14686 
1470. 
1471. 
1470. 
1470. 
14706 
1470. 
1470. 
1471. 
14726 
14736 
14766 
1478.6 
14806. 


300 


DB 


600 


CO 
=, 
ED, 


Beans ero)al ales, 


Sic 
SAL INI 


76 


RENE aH LORE 
“4 6 es 


16 


BEE. WN pe Se Be 
SUSONONN | PTESSOUORN 
MO eSoUBATsS9G6N te las 


e13 S ao 
hy, GGAde | 


GFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


ro tT 


74- 5- 
OeONs 


RESULTS (OF STP CAST 


PRESS 


0 

10 
20 
30 
50 
t> 
100 
ims 
ew 8) 
hae) 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


5285 
5285 
Se74 
5e71 
5e61 
5249 
4299 
4290 
4287 
4.73 
4046 
4e31 
4e15 
3298 
3282 
3268 
3250 
S022 
2287 
2e60 


SAL 


322¢65 


32266 


32267 
32268 
32069 
32670 
32073 


33230 


33¢71 
BS tla 
33280 
33284 
33486 
33295 
34-206 
34214 
34023 
34632 
34241 
34246 


12 
145- 


DEPTH 


124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


02 O0W 


77 


DATE 197 S/74 


GMT 17¢5 
181 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25074 
25e75 
25077 
25478 
25e 80 
25282 
25290 
264¢35 
26269 
26276 
26281 
26¢e 86 
26289 
26298 
27208 
272186 
27225 
210335 
27045 
27e 51 


SVA 


22602 
22509 
223-9 
22209 
221042 
21904 
211.238 
16664 
137-27 
1931 a 
126e9 
P2205 
11966 
111.8 
102265 


9620 


B8el 
7303 
TOo7 
6520 


DELTA 
D 

0.20 
0023 
0645 
0267 
leie2 
1267 
2e2l 
2079 
3207 
3241 
S03 
4204 
4234 
4.292 
5e99 
€e98 
7290 
9257 

11206 

122641 


POT « 
EN 
020 
0201 
0205 
0210 
9228 
0263 
lei2 
1.68 
2020 
2075 
3036 
4204 
4077 
6040 

10-18 
14272 
1928€é 

SLeiiy 

45045 


60254 


SOUND 


1471. 
14726 
1471le 
1471. 
1471. 
i 
1470.6 
14706 
1471le 
1471le 
1470.6 
14706 
1470-6. 
14706 
1471le 
1473. 
1474. 
14706 
1478. 
1480-6 


300- 


DB 


6004 


CS 
> 
C 


PRESSURE, 


1200- 


150055 


Shree 
SE ENG 


EMM PrP ee abe 
u 8 


REF. NO. Fa-- “S40 
50-0.0 N 145-0.0 W 


NMOsee> CAT - 2b GMt= eres 


S19 3 
eg 1919 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe6e 
POSITION 


30= 


74- S- 
O2ONeo 


RESULTS OF STP CAST 


PRESS 


0) 

10 
20 
30 
50 
le) 
100 
125 
150 
175 
200 
ce 
ZO 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


6205 
Se 96 
5095 
5294 
5279 
5059 
4.88 
4.281 
4e71 
4257 
4241 
4228 
4220 
4202 
3282 
3266 
3e51 
3019 
2286 
2e61 


SAL 


32067 
32067 
32267 
32067 
3267 
32268 
32074 


33047 | 


33272 
33-79 
3382 
33285 
33287 
332095 
34206 
34e16 
34221 
342033 
34041 
34047 


14 
145- 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


0.0W 


79 


DATE 20/7 5/74 


GMT 21¢5 
161 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25273 
25074 
25274 
25e75 


250¢ 76. 


25280 
25292 
26251 
26072 
26279 
26283 
260 87 
266 89 
26097 
272-08 
27017 
27224 
27236 
27245 
27252 


SVA 


22720 
22604 
22604 
22663 
22428 
222.20 
20909 
154.7 
13561 
128.6 
12520 
12105 
11906 
ee as 
10225 
9464 
8902 
78.5 
7005 
64-7 


DELTA 
D 
020 
0223 
0645 
0268 
1.213 
1269 
2023 
2270 
3005 
3038 
3270 
4.201 
4e31 
4.289 
Se 95 
6093 
7285 
9252 
11.201 
12236 


POT. 
EN 
020 
0201 
0205 
0210 
0229 
0264 
1.12 
1.66 
2016 
2e70 
Se 31 
3-98 
4.71 
632 

10e12 

14.260 

19.6 72 

31260 

45025 

60235 


SOUND 


1472.6 
14726 
1472.6 
14726 
14726 
14726 
14696 
1470. 
1471le 
1470.6 
14706 
14706 
14706 
14706 
1471le 
14726 
1474.6 
147606 
1478. 
14806 


TEMPERATURE, C 
ul 8 oe 


60 


ea) 

= 20 

i 

aeg 

sw) 

oO 

wl 80 HeeiNes ile) gos 

Er 
0-0.0 N 145-0.0 W 

c40 6.-5 DAY-22 GMT-19.f 

SALINITY, 0/00 


QFFSHURE OCEANOGRAPHY GROUP 


REFERENCE NUe 
POSITION 


50 = 


74- S- 
OeONs 


RESULTS~OF--S: TP--CAST 


PRESS 


) 
10 
20 
30 
50 
<> 

100 
ies 
150 
igs 
200 
225 
220 


TEMP 


6e42 
6236 
6eld 
6204 
5a3'! 
5087 
5201 
4e81 
4e72 
4254 
4237 
4226 
4e17 


SAL 


32264 
32¢65 
B2e07F 
OF AY at 
32268 
32269 
Seeds 
S3ea7 
33074 
33279 
$3582 
33285 
33488 


101 


O2OW 


DEPTA 


81 


DAME 22/7 
1920 
POINTS TAKEN FROM ANALOG TRACE 


GMT 


SIGMA 
7 
25066 
25268 
eOettz 
25073 
25077 
25ef9 
25290 
26043 
26273 
26280 
26283 
26087 
26290 


SVA 


Z2E3 o4/ 
232¢5 
228.5 
CEM at 
22309 
22222 
21261 
161.8 
134.20 
128-20 
124.7 
l2tae 
11864 


5/774 


DELTA 


D 
020 
0223 
0046 
0269 
12614 
1.270 
2024 
2ef2 
3208 
3241 
26 ee 
4203 


POT e 


EN 

020 
O0«01 
0205 
Oell 
0029 
Oe 64 
1.213 
Lov 
2at? 
aeT2 
3032 
3298 
4e71 


SOUND 


14746 
14746 
14736 
14736 
14726 
14726 
14706 
14706 
1471le 
14706 
1470-6 
14706 
1470. 


EINE CRIA TATE peas 
LL 6 


ae 
a 
600 

Lit 

om 

=) 

UW) 

YY) 

Lit 

WOU REF. NO. 7H - 5 - 17 
Qi 

50-0.0 N 145-0.0 W 

aan MO.-5 DAY-25 GMT-19.5 
15005 


oe 
SALINI 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


50— 


74- 5- 
OeON> 


RESULTS OF STP CAST 


PRESS 


100 
125 
150 
ivS 
200 
ceo 
250 
300 
400 
S00 
600 
800 
1000 
1200 


TEMP 


6047 
6042 
6e41 
6239 
5063 
5020 
4267 
4.80 
4262 
4047 
4e37 
4027 
4216 
4203 
3285 
3264 
3047 
3017 
2<e85 
2058 


SAL 


32062 
320e62 
32264 
322064 
32266 
32270 
32298 
33% SF 
33474 
33077 
33481 
Ro REI pS 
3386 
33293 
34205 
34014 
34022 
34233 
34040 
34245 


17 
145- 


DEPTH 


) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
20% 
248 
298 
397 
496 
595 
793 
990 
1188 


O» OW 


83 


DATE 2S/ 5/74 


} GMT 1965 
171 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25264 
25265 
25066 
25267 
252768 
25086 
26014 
26259 
26074 
260279 
26283 
26285 
26689 
26296 
27207 
27e1l7 
27025 
27236 
27044 
27e5l1 


SVA 


22508 
23503 
234-0 
234.20 
2e3e7 
21661 
18947 
147.21 
13320 
lebese 
12562 
122¢e9 
119.25 
11306 
10365 

9520 

8820 

7825 

T7103 

6503 


DELTA 
D 

020 
0024 
0047 
0270 
12616 
1e7i 
2023 
2265 
2099 
Sane 
3264 
3095 
4225 
4.283 
5091 
6290 
7282 
9248 

102.97 

12234 


POT. 
EN 
020 
0201 
0205 
Oeil 
Oe29 
0264 
1210 
1e¢58 
2206 
2260 
ee | 
32838 
4262 
6024 

10210 
14.63 

19.275 

31255 

45027 

60250 


SOUND 


1474. 
1474e6 
1474.6 
1474.6 
1471. 
1470.6 
14096 
1470.5 
14706 
14706 


14706 


1470.6 
14706 
1470. 
1471le 
14726 
14736 
14766 
14786 
14806 


30,0 


DB 


600 


PRESSURE, 


32 
SAL INI 


TEMPERATURES smal 
us S) igs 


16 


Robe NGA Tik = 9 Se ae 
S0-0.0 N 145-0.0 W 


MGs =o; Deine, CMa ele S 


35 
ie 


3 
» O/OO0 


OFFSHORE OQCEANGGRAPHY GROUP 


REFERENCE NOe 
POSITION 


Su 


74—- 5- 
OeONe 


RESULTS: OF- STP? CAST 


PRESS 


0 

10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
ZED 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


6286 
6076 
6054 
6200 
5e 74 
5e22 
4269 
476 
4282 
4e71 
4048 
4230 
4216 
4200 
3285 
3267 
3254 
3e16 
2e85 
2060 


SAL 


32002 
32262 
322e63 
32266 
32268 
320670 
32¢80 
33635 
33071 
33077 
33280 
33282 
33485 
3392 
34203 
34e12 
34220 
3460632 
34240 
34645 


19 
145- 


DEPTH 


0 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


02 OW 


85 


DATE 2747 S/74 


GMT 21¢5 
182 PCINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25259 
25260 
25264 
25073 
25-78 
25285 
25299 
26042 
26070 
26076 
26680 
26084 
26688 
26295 
27205 
27015 
27022 
27035 
Zune 50 


SVA 


24006 
25967 


23604 


22708 
22365 
21604 
20325 
16301 
137% 
131.3 
12703 
12420 
1204 
113-8 
105e¢1 

9629 

9007 

7902 

Tie 

66e1 


DELTA 
D 
020 
0224 
0.48 
Oe71 
1.216 
1ie7i 
2024 
2270 
3207 
3240 
3273 
4204 
4e 35 
4.293 
6203 
7204 
7298 
92686 
11.215 
122254 


POT e 
EN 
029 
Oe Ol 
0295 
Oeil 
Oe29 
0264 
1e11 
1.264 
2015 
2e 71 
3e32 
42090 
4074 
6 38 

10e28 

14-91 

20016 

S268.6 

45290 

Chee 


SOUND 


1475-6 
14756 
1474. 
14726 
14726 
14706 
14686 
14706 
1471. 
1471. 
1471. 
14706 
14706 
14706 
1471le 
1472.6 
1474.6 
14756 
1478.6 
1480.6 


PRESSURE ; 


60 


—s 
CO 
= 


varae 


S00; 


ie 
SAL ING 


86 


TEMRE RA RERG. yal 
4 8 lee 


b-0,0 IN WuSS0.0 Wl 


O.—3 WAN SO tenis. 


33 
eT 


3 
» D/O 


16 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


20= 


74- 5S- 
OeONs 


RESULTS OF STP’ CAST 


PRESS 


1) 
10 
20 
30 
SO 
i> 

100 
125 
150 
,79 
200 
225 
250 
300 


TEMP 


6e76 
6259 
6e65 
6052 
5277 
5041 
4e T6 
4280 
4e77 
4263 
4051 
4034 
4024 
4206 


SAL 


320e61 
32261 
32262 
32062 
32267 
32270 
32077 
33.05/35 
33264 
SSe.76 
33477 
33281 
33084 
33289 


O20W 
127 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


fe) 
10 
20 
30 
50 
75 
99 
124 
149 
17a 
199 
223 
248 
298 


87 


DATE 30/7 5/74 


GMT 1920 


SIGMA 
T 
25259 
25261 
25262 
25263 
25 ea 
25.83 
25296 
26240 
26e65 
262076 
26278 
26283 
2606 86 
26292 


SVA 


2401 
239 04 
23865 
23720 


22465. 


21846 
20605 
1:65.60 
14s 28 
1oi04 
12923 
125e¢1 
12220 
116.8 


DELTA 


D 
020 
0024 
0243 
0272 
1.213 
le73 
2026 
2073 
3210 
3244 
Betg 
4209 
4e 40 
5200 


POT. 


EN 
0.90 
0201 
0205 
Oell 
0230 
02€5 
lel2 
12¢6€ 
20138 
2e74 
3237 
4205 
4280 
6448 


SOUND 


14756 
14756 
14756 
147506 
14726 
1471e 
145696 
14706 
1471. 
1471le 
1471. 
1470.6 
14706 
Lai lie 


TEMPERA T Gibve poate 
L 8 le 


60 


ae) 

= eee 

fa | 

ee 

he) 

& 

wl 60 . RO tee Nash 
Q_ 

HaO0.J00N US—0u'0 iW 
sel 0.-6 DAY-2 GMT-18.5| 
300s ao a5 3 

SAN a 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 
POSITION 5SO- 


74- 5- 
OsONe 


RESULTS--OF...STPRi.CAST 


PRESS TEMP 


0 6286 
10 6e 86 
20 6285 
30 6285 
50 6% 25 
TS 6015 

100 5205 
i125 50 06 
150 491 
175 4.82 
200 4052 
225 4236 
250 4223 


SAL 
32259 
32259 
32659 
322059 
32263 
32263 
32e82 
33250 
33074 
33.278 
33280 
33284 
33288 


a 
145- 


DEPTH 


0 

10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 


0.0W 


89 


DATE 


2/7 6474 


GMT 185 
118 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
2S OH, 
254 57, 
25257 
25257 
25268 
25269 
25497 
26250 
26e71 
26275 
26280 
26285 
266 89 


SVA 


24229 
24322 
24363 
23228 
eseeas 
20528 
55a 2 
13528 
132ei 
12725 
12361 
11961 


DELTA 
D 
020 
0224 
0249 
00.73 
1e¢21 
1.79 
2034 
2079 
3215 
3248 
3e 81 
4e12 
4242 


POT e 
EN 
020 
0201 
0.2.05 
Oell 
Oeoe31 
0668 
1617 
1.68 
2e18 
2a 
3235 
4.203 
4276 


SOUND 


14756 
14766 
14766 
14766 
14746 
1474.6 
14706. 
1471le 
1471. 
1472. 
1471. 
1470.6 
14706 


TEMPERATURE, C 
u 8 Lee 


SOD) 


es : 
~ 608; 
my 
oe 
=) 
a 
WII 00 | REF. NO. 7H > . S°=) eu 
QO | 
50-0.0 N 145-0.0 h 
1200- MO.-6 DAY-3 GMT-21.5 
SALINGT(s 8788 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


S0- 


74- S- 
OeON> 


RESULTS OF STP CAST 


PRESS 


e) 

10 
20 
30 
50 
fg) 
100 
te) 
150 
Wer go) 
200 
Zen 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


7014 
7019 
6290 
6087 
6218 
Seoc 
4092 
5e20 
4298 
4e75 
4e49 
4234 
4e21 
4207 
3285 
3e67 
3250 
3214 
£085 
2260 


SAL 


32256 
32256 
Jee 57 
32257 
32s61 
32261 
seert 
3340 
33265 
33675 
33076 
33-80 
33284 
33288 
34200 
34e11 
34019 
34-31 
34.38 
34043 


e4 
145- 


DEPTH 


0 
10 
20 
30 
SO 
75 
99 

124 
149 
174 
199 
eee 
248 
298 
397 
496 
S95 
793 
990 
1188 


0.2O0W 


FL 


DATE 


3/7 6/74 


GMT 21¢5 
205 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25250 
25250 
25254 
25255 
25267 
25271 
25090 
26041 
26263 
26074 
26077 
26082 
26087 
26291 
27203 
27.4 
Oiieee 
PT.S4 
27042 
27049 


SVA 


248-7 
24947 
24504 
24520 
233-9 
22909 
21246 
164.3 
143.3 
13305 
130e2 
126e1 
late 
11726 
107-2 

S729 

91 Pa) 

T7907 

7209 

6703 


DELTA 
D 

020 
0025 
0.50 
0074 
12622 
1.80 
2635 
2281 
3220 
3054 
3287 
4219 
4250 
5209 
6021 
7224 
8ea19 
9289 

11.241 

12081 


POT. 
EN 
020 
0.01 
0205 
Oell 
Oe«31 
0.68 
1217 
1270 
2023 
2280 
3243 
4e12 
4.37 
0254 
10.53 
15623 
2 Ose 
S2ea63 
402e56 
E2e22 


SOUND 


14766 
1477.6 
14766 
14766 
14736 
1472.6 
14696 
14726 
1472.6 
1471. 
1471 » 
1470.6 
14706 
1471le 
1471. 
14726 
14736 
14756 
14786 
1480.6 


THERM PEF Ar litucii Evy aa abs 
L S) Ibo 


607 


a | 
Sates 
ball : 
CY 
=P. 
a 
wil 804 Fo aNO. ofl — 5 -|26 
s 
| N-O.0N 1U5-0.0 inj 
ct 05 iO.-6 DAY-6 GMT-20.0 
SOUS 35 35 3 
SALINE RY, O00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


50= 


74- S- 
Oe ONes 


RESULTS OF STP CAST 


PRESS 


) 
10 
20 
30 
50 
aS 

100 
25 
E50 
7S 
200 
Cipi=) 
250 


TEMP 


7201 
0295 
6e95 
6095 
6285 
567-2 
5203 
5e14 
4e91 
4271 
4e54 
4238 
4225 


SAL 


32260 
32260 
322950 
3260¢ 61 
32<¢61 
32¢e65 
322834 
33247 
33073 
33279 
33281 
33034 
Sse 7 


020W 
99 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


) 

10 
20 
30 
50 
15 
99 
124 
149 
174 
199 
223 
248 


a3 


DATE 


6/7 6/774 


GMT 20¢0 


SIGMA 
iT 
2Sa SD 
25256 
29650 
25257 
25 e08 
25076 
25099 
26047 
26e70 
26077 
26281 


26285. 


26288 


SVA 


244.0 
24306 
24307 
243041 
24201 
22504 
204601 
15863 
1365 
130.3 
12761 
12347 
120e2 


DELTA 


D 
020 
0224 
0249 
0273 
1e22 
1.280 
2234 
2280 
3016 
3250 
382 
4013 
4244 


POTe 


EN 

020 
Oe Ol 
0205 
Oell 
Oe2«31 
0268 
1.216 
1.69 
2219 
2074 
3e 36 
4204 
4277 


SOUND 


147de 
1476.6 
1476.6 
14766 
14766 
14726 
1470. 
1472.6 
1471. 
1471le 
1471. 
1471. 
14706 


PRESSURE, 


604 


—— 
OO 
eo, 


2u0: 


300, 


94 


TEMPE RAT Giese 
Ls S) |e 


REF. NO. 74 - 


o=0).. 0) N 


oo} - See 


1S 0.0) W 


0). -6; DAK-8; GMT-18).2 


Sj 
SAL INI 


a 
ay 


aS 
» 0/00 


16 


OFFSHORE QCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


50= 


74> 5- 
OeONs 


RESULTS OF SIP CAST 


PRESS 


0 
10 
20 
30 
50 
PES) 

100 
bio 
150 
As) 
200 
da | 
2350 


TEMP 


7203 
Te 03 
7202 
7001 
6019 
S223 
5015 
5209 
4282 
4254 
4243 
4e26 
4217 


SAL 


32258 
3259 
32259 
32260 
32262 
32270 
33216 
33262 
33074 
33278 
Sseioe 
33284 


33087 


a 4 
145- 


020W 


95 


DATE 
GMT 


8/7 6/774 
18e2 


117 PQINTS TAKEN FROM ANALOG TRACE 


DEPTH 


) 
i0 
20 
30 
50 
75 
99 

124 
149 
174 
199 


emer 


248 


SIGMA 
T 
25254 
25e¢54 
25254 
25255 
25268 
25485 
26023 
26059 
2601/3 
26079 
26283 
26286 
26290 


SVA 


24528 
24504 
24504 
24467 
23209 
21665 
18iel 
146.7 
13404 
12867 
12sec 
122e2 
119.21 


DELTA 
D 

020 
0625 
0049 
02¢74 
ie22 
1.7383 
2029 
2270 
3205 
3038 
3e70 
4201 
4e31 


POT. 
EN 
0.0 
Oe O01 
0205S 
Ooll 
0031 
0267 
lele2 
1259 
2208 
2062 
3223 
3089 
4263 


SOUND 


1476.6 
1476. 
14766 
147be 
1474.6 
14706 
1471. 
1472e 
1471le 
14706 
14706 
1470.6 
14706 


DB 


PRESSURE 


300 


600 


CO 
es 
CO 


3¢e 
SALINI 


TsEAMPE ST UR onal 
L 8 Ie 


Bier. aNO. 9ib l— Spi wet, 


SO-0.0 N 145-0.0 W 


MO.-6 DAY-11 GMT-el.5 


OFFSHORE GQCEANOQGRAPHY GROUP 


REFERENCE NOe 
POSITION 


50 


7T4- S- 
OeONo 


RESULTS OF STP CAST 


PRESS 


0 

10 
20 
30 
50 
79 
100 
t25 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


7201 
6297 
6096 
6095 
6288 
5e79 
5207 
Ss 2. 
5201 
4275 
4251 
4232 
4223 
4202 
3281 
3063 
3249 
me ee | 
2283 
2059 


SAL 


32258 
32059 
32e59 
32260 
32260 
32266 
32079 
33441 
33272 
33077 
33481 
33283 
33286 
33294 
34205 
34013 
34e21 
34232 
34438 
34044 


145- 


DEPTH 


fy) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


0. OW 
178 POINTS TAKEN FROM ANALOG TRACE 


97 


DATE 11/7 6/74 


GMT 21¢5 


SIGMA 
T 
25254 
25255 
252558 
25256 
25457 
25476 
25094 
26041 
26268 
26275 
260281 
26285 
26288 
26097 
27208 
27016 
272024 
2ilse36 
27043 
27250 


SVA 


24525 
24468 
24466 
24420 
24363 
22569 
20802 
16328 
13824 
132.20 
126069 
12344 
12065 
Lige7 
1029 

9620 

B9e2 

7826 

T7201 

6602 


DELTA 


D 
069 
0025 
0249 
0073 
le22 
1.281 
2036 
2282 
3219 
3s03 
3289 
4017 
4047 
5205 
6e12 
iene 
8.04 
9e71 
11222 
12.260 


POT. 


EN 
029 
QO«Ol 
O2e05 
Oell 
Oe 31 
0.68 
1.17 
1.70 
2022 
2078 
3240 
4208 
481 
6044 
10625 
14280 
19.99 
Sane OT, 
435264 
61210 


SOUND 


14766 
14766 
14766 
1476.6 
1476¢ 
1472e 
1470. 
14726 
1472.6 
1471le 
1471. 
1470.6 
14706 
14706 
1471. 
1472. 
1473. 
14756 
1477. 
14806 


DB 


PRESSURE, 


60- 


120; 


aa 
OO 
G3 


20- 


300s 


3e 
SE ARNG 


TEMPERA Ores 
Ll 8 


Moen. NOS Pyare ope aa 
S)-020 N 185-0704 


Oreo Brie toe om bone 


BY ~ 
he Sih od) 


oes 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 74—- S- 30 


DATE 13/7 6/74 


POSITION SO— QeONs 145- Oc Ow GMT 186c2 
RESVETLSUOF 5STPcCcaAst 119 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP S AL DEPTH SIGMA 
T 3 

0 Te2l 32260 0) 25253 
10 6298 32260 10 25256 
20 6097 32260 20 25256 
30 6695 32260 30 25256 
50 6282 32262 SO 25259 
5 5298 322e65 ris) 263873 
100 5205 32280 99 25095 
FES Sell 332049 124 26249 
150 4e95 33074 149 26071 
75 4276 33878 174 26276 
200 4250 33281 199 26281 
225 4233 33234 223 26286 
250 4220 33687 248 26290 


SVA 


24626 
24420 
244.0 
24328 
241.20 
22828 
20723 
15665 
1360 
131.5 
126e5 
12264 
119.20 


DELTA 
D 

020 
02«25 
0249 
0073 
1e22 
1.81 
anos 
2281 
3017 
3250 
3682 
4213 
4244 


POT. 
EN 
020 
Oe 01 
0205 
Oell 
Oe31 
0268 
1217 
1126S 
2e74 
323 
4203 
4276 


SOUND 


1477e 
14766 
14762 
1476.6 
14766 
14736 
14706 
1471. 
14726 
1471le 
1471e 
1470.6 
14706 


3004 


DB 


600; 


CO 
eS) 
eB, 


PRESSURE, 


12004 


150055 


soya 
SALINd 


PRVBER Ree us 
Lt 6 l2 


16 


BEE. NO. hi = Se 


50-0.0 N 145-0.0 W 


MO sO Wit d i aia tg 


poe 3 
iv, @788 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


50 


T4- S- 
OeONe 


RESULTS "OF" STP’CAST 


PRESS 


0 
10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 

1200 


TEMP 


7208 
7208 
7208 
7206 
7202 
6029 
5210 
5e23 
5205 
4275 
4655S 
4236 
40298 
4207 
32¢81 
3266 
3250 
3020 
2288 
2263 


SAL 


32258 
32258 
32258 
32258 
32260 
32260 
32280 
33245 
33270 
eo SO iF 
33279 
33283 
33034 
33290 
34205 
34012 
34220 
34230 
34037 
34.43 


x 3 | 
145- 


DEPTH 


0 
10 
20 
30 
50 
75 
99 
124 
149 
174 


199 


2e5 
248 
298 
397 
495 
595 
793 
990 
1188 


0 »OW 


101 


DATE 15/7 6/74 


GMT 1767 
197 POINTS TAKEN FROM ANALCG TRACE 


SIGMA 
T 
25253 
25653 
25253 
25253 
25255 
25265 
25095 
26045 
26266 
26275 
26079 
26284 
260 86 
262093 
27207 
27215 
27023 
27233 
27042 
27049 


SVA 


24604 
24608 
24609 
24628 
24540 
23003 
20729 
160.8 
132e1 
128-26 
12328 
Ueetest 
116e2 
103e2 

96209 

90el 

8140 

(forre 

6726 


DELTA 
D 
0290 
00625 
0049 
Oe 74 
1.623 
1284 
2240 
2286 
3023 
3e57 
3290 
4621 
4652 
5e1l2 
6Gel9 


Tesi 


8e13 
90 84 
11.38 
12678 


POT e 
EN 
020 
O.O01 
02605 
Oell 
02«31 
0270 
1219 
1272 
2024 
2081 
3243 
4ei1 
4e 86 
6253 

1035 
14.94 

20013 

32234 

46244 

62e0e15 


SOUND 


14705 


. 14766 


1477e 
1477. 
1477. 
1474. 
1470.6 
14726 
14726 
1471le 
1471le 
1470.6 
14706 
1471le 
l1471le 
1472. 
14736 
14766 
14786 
1430. 


TEMPEBR LURE see 
u 8 Let 
woes 


16 


300 


em) 
600; 
Lu 
a 
ee) 
on 
wiIS00 4 REED NOs gu =) Geena 
QO 
50-0.0 N 145-0.0 W 
1cQ0 MOl56 DAY-17 GMT-21-5 
SyalleNb ars. WA alle, 


OFFSHGRE OCEANGGRAPHY GROUP 


REFERENCE NOe 
POSITION 


50= 


74- 5- 
OeONs 


RESULTS’ OF "STP’'CAST 


PRESS 


0 

10 
20 
30 
50 
7s 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


7098 
7238 
7033 
7e27 
72905 
5267 
4099 
5209 
4095 
4078 
4253 
4.238 
4e25 
4208 
3e83 
3266 
3252 
3019 
2086 
2263 


SAL 


32259 
32059 
3259 
32259 
32<e61 
Seeos 
32287 
33028 
33268 
33075 
33280 
33282 
3385 
33092 
34204 
34013 
3419 
34630 
34639 
34243 


145- 


DEPTH 


) 
10 
20 
30 
50 
t2 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


020W 
181 POINTS TAKEN FROM ANALOG TRACE 


103 


DATE 17/7 6/74 


GMT 21¢5 


SIGMA 
qi 
25047 
25250 
25250 
25251 
25256 
25278 
26201 
26233 
26266 
26073 
26280 
26234 
26237 
26095 
27206 
27215 
27222 
27234 
27044 
27249 


SVA 


25202 
24969 
24904 
248.8 
2has? 
OMe ye eg 
20104 
7240 
14007 
134.0 
12266 
124.6 
i2awe 
ie aes 
10461 
9604 
3 ge 
B0eS 
7169 
B7%ec 


DELTA 


D 
020 
00625 
050 
0275 
1e25 
1284 
2637 
2 83 
3022 
3257 
3089 
4e21 
4252 
5210 
6019 
7220 
8el3 
9284 

11.36 
120675 


POT e 
EN 
O20 
02.01 
0205 
Ooll 
0232 
0259 
1217 
Le70 
2024 
2281 
3243 
4e1l2 
4286 
6250 

10238 
14.298 

20023 

32236 

46e27 

61-81 


SOUND 


14786 
1478.6 
1478. 
1477. 
1477. 
14726 
14706 
1471. 
1471. 
1471e 
1471. 
1471. 
1470-6 
1471e 
1471. 
14726 
1474.6 
14756 
1478. 
1480. 


DB 


PRES ene 


607 


1201 


eas 
CO 
Cy) 


2u0; 


300s 


Se 
SAL INI 


REF. NO. 7 - o> = (oH 
29-0.0 N 145-0.0 W 


B.-0 GAI—19 rtd 620 


39 
Ta 


3 
» O/O00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 
POSITION 


50= 


T4a=- S- 
OeONes 


RESULTS OF STP CAST 


PRESS 


0 
10 
20 
30 
50 
75 

100 
125 
1590 
ies 
200 
225 
250 


TEMP 


7044 
7026 
7e15 
7200 
6.261 
5e65 
5204 
Se 06 
4094 
4270 
4254 
4238 
4226 


SAL 


32262 
32e62 
32¢62 
32262 
328 OD 
32268 
33206 
332e46 
33e71 
33679 
3382 
33284 
334838 


34 
145- 


DEPTH 


0) 
10 
20 
30 
50 
{5 
99 
124 
149 
174 
199 
ees 
243 


0.0W 


105 


DATE 197 6/774 


GMT 1840 
121 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25251 
25254 
25s 
25257 
25265 
25-79 
26e16 
26047 
26069 
26278 
26682 
26085 
26289 


SVA 


24802 
24602 
24428 
2431 
Zooe. 
eee wi 
18726 
158.62 
138e2 
130.0 
12602 
1229 
11965 


DELTA 
D 
020 
O2e25 
0649 
0274 
1.222 
1.79 
2e31 
2074 
3ell 
32044 
3275 
4208 
4.38 


BOTs 
EN 
020 
0.01 
0205 
Ow 
Ore e 
0.67 
leis 
1063 
ee 
ee 0 
3231 
3.98 
4072 


SOUND 


14786 
1477. 
1477. 
14766 
147Se 
1472.6 
1470.6 
1471.6 
14726 
1471. 
1471. 
1471. 
1471. 


PRESSURE, 


604 


}—> 
A’ 
ee, 


—> 
CO 
is, 


q 
t 
q 
q 
) 
H 
i 
i 
H 


30055 


Se 
OALANE 


TE MPIC RIA T WR pent 
Ly S) hic 


16 


RHF. NO. 74 - 5S -| 35 
S50-0.0 N 145-0.0 W 


O26 SBR Tal SOM Pair, 


Oks 
VY 


3 
» WARD 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 
POSITION 


50= 


74- 5- 
OeON» 


RESULTS” OF STP CAST 


PRESS 


0 
10 
20 
30 
50 
tT? 

100 
i2s 
1590 
175 
200 
225 
250 


TEMP 


7059 
70254 
T3232 
7201 
6055 
Se 35 
5205 
Sell 
4288 
4264 
4047 
4235 
4.23 


SAL 


32260 
32260 
3262 
32262 
322e64 
32267 
33203 
33250 
33471 
33077 
33279 
33282 
33485 


020W 
124 PCINTS TAKEN FROM ANALGG TRACE 


DEPTH 


0 
10 
20 
30 
50 
75 
99 

124 

149 

174 

199 

223 

248 


107 


DATE 21/7 6/74 


GMT 1707 


SIGMA 
aw 
250247 
25248 
254,52 
25-57 
25265 
250 82 
26013 
26250 
260e69 
26077 
26280 
26284 
2688 


SVA 


25106 
2515 
24764 
24302 
23601 
21927 
19021 
15567 
13709 
13069 
12728 
12466 


1209 


DELTA 
D 
020 
0625 
0250 
“O0e74 
1.223 
1279 
ease 
2074 
3eiil 
3044 
Self 
4208 
4039 


, 


POTe 
EN 
020 
0201 
0205 
Oell 
Oe3l 
0267 
1214 
12¢62 
2a 
2069 
Piet P| 
3299 
4273 


SOUND 


14786 
1478.6 
1478. 
14766 
1475e 
1471. 
1470.6 
14726 
L471. 
1471le 
1470.6 
1470. 
14706 


1200 


150055 


ate 
SAL INI 


TEMPER ATA ese 
us 8 


BEF. she Ap oe 
S0-0.0 N 145-0.0 WN 


NO.:-6 PAY-23 GMT=17 te 


33 3 
lunes ab” alla 


16 


OFFSHORE OCEANGGRAPHY GROUP 


REFERENCE NOe 
POSITION 


30 


74- 5S- 
O0eONs 


RESULTS IOFSSTPc CAST 


PRESS 


0 

10 
20 
30 
50 
7S 
100 
i125 
150 
iz 
200 
Ze 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


7094 
7278 
7024 
7210 
6262 
5e25 
4276 
4.89 
4287 
4268 
4e47 
4236 
4e20 
32098 
3084 
3064 
3249 
3209 
2284 
2260 


SAL 


3259 
32260 
32261 
32263 
32264 
32270 
33205 
33051 
Ty we ae) 
33079 
33082 
33683 
33236 
33% 92 
34205 
34015 
34023 
340634 
34240 
346 45 


36 
145- 


DEPTH 


0 

10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 


248. 


298 
397 
496 
595 
793 
990 
1188 


02O0W 


109 


DATE 237 6/74 


GMT 17e2 
190 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25042 
25045 
25653 
25% 50 
25264 
25285 
26018 
26% 53 
26072 
26278 
26282 
264¢84 
26488 


26296 


27207 
Erol? 
2fe25 
27637 
27045 
27250 


SVA 


25 fio 1 
25405 
24647 
24309 
2370/0 
ioe f 
18504 
15255 
134.7 
129.8 
iL BSwy 7 
123-8 
120e2 
11323 


$032 3 


9429 
8709 
77e1 
7009 
6620 


DELTA 
D 

020 
0e26 
051 
075 
1223 
1280 
2e31 
aot. 
3209 
3242 
3074 
4<e05 
4235 
4294 
Cmi02 
7200 
7e92 
9257 

12.05 

12641 


POT e 
EN 
020 
0201 
0205 
Oell 
Oe3l 
Oe67 
1213 
1261 
2210 
2e65 
3¢26 
3294 
4267 
6631 
10e15 
14667 

19679 

elise 50 

45208 

€0239 


SOUND 


14806 
14796 
1477e 
1477. 
1475.6 
1470. 
14696 
1471le 
1471. 
1471le 
1471. 
14706 
14706 
1470. 
1471. 
14726 
14736 
1475-6 
1473.6 
14830 


TEMPERATURE, C 
u 8 ye 


300 


(aa) 
600: 
. : 
a 
Vise, 
D 
WII OO REG NOL 2h = SS = Si 
OW 
ug-u9.0 N 142-40.0 4 
1200 Ma.-6 DAY-24 GMT-3.2 
SALINITY, O7uw 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 


74— 5- 


POSITION 49-49.20Ns% 
RESULTS OF STP CAST 


PRESS TEMP 


¢] 8228 

10 Bel2 
20 7edl 
30 7220 
50 6e31 
Lf 5239 
100 5204 
ly 4289 
150 or Belo) 
lv7s Sieh 
200 5204 
20 4836 
250 4207 
300 4034 
400 4204 
500 3281 
600 3062 
800 3024 
1000 2097 
1IZ0;0 Cokie 


SAL 


32a 55 
3209 
323 57 
32258 
32263 
32208 
See. oS 
32294 
330573 
G yoy Pees 
33280 
33282 
33284 
33289 
33298 
34.09 
34619 
34630 
34237 
34243 


Sr) 
142-40 e0W 


Lik 


DATE 24/7 6/74 


GMT 


302 


210 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
9995 
Teas 
990 
1188 


SIGMA 
T 
25034 
25036 
250245 
25051 
259. OY, 
25% 82 
250e90 
26209 
260249 


- 26067 


26074 
26278 
26282 
26289 
27200 
27011 
27¢20 
2M oe 
27041 


27048 


SVA 


26428 
26320 
254e6 
24806 
23349 
21928 
21204. 
194.9 
15626 
13928 
13343 
13020 
126e9 
11968 
1106 
10066 

9204 

Blel 

T7404 

68e7 


DELTA 
D 
020 
0226 
0052 
O77 
1226 
1% SS 
2037 
2288 
Sie Si2 
3063 
4202 
4¢35 
40657 
Spe 29 
6244 
7049 
8246 
10213 
11674 
13215 


POT e 
EN 
020 
0201 
0205 
Oela2 
O31 
0268 
1216 
1.74 
ob ad 
2096 
Dime oad 
432 
53219 
6033 

10691 

15a, 7.35 

210614 

33241 

47263 

63053 


SUUND 


143le 
14306 
14796 
1477. 
1474. 
N4 Sle 


“14706 


1470.6 
14736 
14736 
14736 
14736 
14726 
1472.6 
14726 
14736 
1474. 
1476.6 
LA Ss 
1480. 


3004 


DB 


Pi esol, 


12001 


150055 


600; 


CO 
eS 
© 


pe! 
SAE ANA 


TEMPERR LURE yal 
M4 8 Lie 


Ete Nees aicee ytd oh 3 
U9-H1.0 N 140-H0.0 NW 


MO.-6 DAY-24 GMT-14eS 


35 
ulin 


3 
» 0/00 


Lee 


OFFSHORE OCEANOGRAPHY GROUP 
Crore NC NG (a= oO 30 
POSITION 49-4140Ns 140-4020W GMT 


DATE 24/7 6/774 
1425 


RESULT o UT SI? CAST 222 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA 
T 

¢) Be 30 de2eup 0 25034 

10 Be2T7 3256 10 25034 
20 7e85 3256 20 25041 
30 705) 32e57 30 25246 
50 7200 32260 oe) 25256 
TS bo he) 32007 i 25089 
100 Se 04 32498 99 26210 
125 5e42 33258 124 2€e53 
150 Sei 5 33076 149 26070 
al ae 4292 S36 51 174 26077 
200 4208 33683 199 26281 
222 4e51 33285 223 26285 
ome @) 4037 33287 243 260e 88 
.300 4220 33292 298 26294 
400 3093 34203 397 27295 
500 3674 34213 496 27e14 
609 3056 34e19 595 27e2l 
800 3025 34232 793 27234 
1000 2290 34039 999 27043 
1200 2053 34044 1188 27250 


SVA 


26463 
264e3 
Sosa 7 
25304 
24468 
2226 
ose 7 
15322 
137.20 
130.9 
lAr.O 
123.5 
120.8 
VAS. 7 
10504 
' pares) 
9126 
8020 
7262 
6605 


VEL TA 
D 
0.0 
026 
0253 
0e78 
1.228 
1286 
2238 
2281 
Se Wa 
3050 
3683 
4214 
42045 
5204 
6014 
Teas 
8e10 
9280 
11.232 
i2e71 


POT e 
EN 
020 
0201 
0205 
0212 
Oe 32 
0269 
1.215 
1.264 
2014 
2270 
3e 31 
4200 
42,73 
62439 

10631 

14.296 

20024 

32e37 

46430 

61286 


SQUND 


1481. 
148le 
1479. 
14786 
1477e 
1471. 
1470. 
14736 
1472-6 
14726 
1471. 
bcd AA Ey 
1471. 
1471. 
1472.6 
14730 
1474. 
147od6 
14786 
14306 


DB 


PRE SOU RE, 


60 


aus 


—> 
OO 
ed, 


c4Q0- 


30055 


oe 
SAL INI 


TEMP Te UE scusgle 
“4 8 ve 


REF; NO. 7H - Shae (S22, 
Y9434.0N 138-40.0 [W 


MO26 pGAT Sed eGMil eal aD 


aks 3 
it, @OA0e 


16 


DFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


PRESS 


0 
id 
20 
30 
50 
75 

100 
125 
150 
La 
2090 
wen 
250 


74=- S- 


49-34e0N> 
RESULTS OF STP CAST 


TEMP 


Be 33 
8e 80 
Be4l 
Be 15 
7058 
6019 
5228 
5029 
5051 
Se 35 
5e12 
4e91 
4269 


SAL 


32¢62 
32263 
32263 
32263 
32264 
32071 
J2e 73 
32097 
33458 
26076 
33281 
33 B2 
33285 


39 
138~-~40.20W 


DEPTH 


0 
10 
20 
30 
50 
75 
99 

124 

149 

174 

199 

223 

248 


115 


DATE 24/7 6/74 


GMT 21240 
106 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
if 
25231 
2Sese 
25238 
25042 
ew eg | 
25075 
25287 
26206 
26252 
26068 
26075 
ZO TT 
26282 


SVA 


267605 
26608 
26142 
2eSeit 
24847 
22628 
21501 
19704 
15425 
139e2 
133062 
130¢6 
12601 


DELTA 
D 

0.20 
Ow27 
0253 
0e79 
1.30 
1289 
2045 
2097 
3e41 
Set 
4211 
40244 
4.7565 


POT e« 
EN 
020 
0201 
0205 
Oel2 
0. 33 
0279 
1220 
1.79 
2041 
3201 
3266 
4437 
Sel5S 


SOUND 


14833. 
1483.6 
1482.6 
1431. 
14796 
1474. 
1471.6 
14726 
1474.6 
1474.6 
1473.6 
1473.6 
a2 


300 


DB 


600 


CO 
& 
= 


PRESSURE, 


ewe 


150055 


Se 
SALINI 


TEMPERA | iE wet 
u S) be 


AGrs NOs a = > -7 40 
U9-26.0 N 136-40.0 W 


MOO DAI ee wGMiaebs 


33 3 
ys sees 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 


74- 5- 


POSITION 49-26¢0N,s 
RESULTS. OF--STP-CAST 


PRESS TEMP 


0 9266 
10 9263 
20 8e75 
30 Be47 
50 7209 
Ts 5e76 

100 $039 
kes 5270 
150 5e 79 
ifs 5254 
200 Se22 
225 4296 


250 4.78 


SAL 


32261 
32261 
32261 
32e61 
32066 
32269 
3280 
33632 
33074 
33083 
330 84 
33284 
33284 


40 
136-4020W 


PAL: 


DATE 257 6/74 
2a 


GMT 


117 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 


SIGMA 
T 
25217 
25017 
25031 
259,59 
29559 
25278 
252091 
26029 
26¢61 
26071 
260 76 
26279 
26281 


SVA 


28027 
28007 
267246 
26307 
24124 
22/302 
211.20 
17620 
14569 
13627 
13204 
12905 
12729 


DELTA 
) 
020 
0628 
0655 
O« 82 
1.33 
1.691 
22045 
22094 
3034 
3269 
4203 
4235 
4268 


POT 
EN 
020 
Oe 01 
0206 
0212 
06.38 
0270 
1618 
1274 
2230 
220288 
3455 
4223 
5e0l1 


SOUND 


14866 
14866 
14836 
1432.6 
1477e 
1472.6 
1471. 
1474.6 
14756 
14756 
1474. 
14736 
14736 


TEIMPIETRA Tah one 
u 8 le 


aa) 
600 
Lu 
a 
sii 
o 
WIS 00 REF. NO. 7H - 5 - Ul 
OW 
U9-17.0 N 134-H0.0 W 
1<00 MO.-6 DAY-25 GMT-8.5 
SAL ENE TY, U7 OU 


OFFSHORE OCEANOGRAPHY GROUP 


RFFERENCE NOe 
POSITION 


Tike So 
49-1 7e0ONo 


RESULTS OF St? CAST 


PRESS 


) 
10 
20 
30 
50 
> 

100 
125 
150 
175 
200 
225 
250 


TEMP 


10219 

102215 
9e17 
82097 
7elS 
52062 
5261 
S072 
5.55 
5240 
Se2l 
4286 
42658 


SAL 


S206 
32256 
32656 
32256 
32262 
32269 
32099 
334647 
33270 
33e81 
33484 
3386 
334686 


134-40.20W 
104 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
SO 
75 
99 

124 
149 
174 
199 
225 
248 


119 


DATE 25/7 6/774 


GMT 


SIGMA 
af 
25204 
25205 
25621 
25224 
25055 
25280 
26204 
26040 
26261 
26e71 
26276 
26281 
26683 


8e5S 


SVA 


292-8 
2920656 
27726 
27407 
24502 
22126 
19923 
164.9 
14620 
136¢e3 
L329:2 
127e1l 
1250'S 


DELTA 
D 

020 
0229 
0258 
0.86 
1.38 
1.696 
2049 
20295 
3033 
3269 
4202 
4235 
4.66 


POT» 
EN 
0.0 
0201 
0.06 
0013 
0.34 
O71 
1.18 
12709 
2.24 
2.83 
3247 
4e17 
42923 


SOUND 


14886 
1488-6 
14856 
1434. 
1477e 
14726 
1472.6 
1474.6 
1474.6 
1474. 
1474.6 
14736 
1472.6 


TEMPERATURE, C 
u 8 le 


60 


ae 
=120 
a 
— 
o 
wl 804 iGo gus - es 
Q_ 
10.0 N 132-40.0 
eu0 -§ DAY-25 GMT=a4s 
SALINITY, 6/00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


T4- S- 
4AQ—-1020N>s 


RESULTS OF STP CAST 


PRESS 


ce) 
10 
20 
30 
50 
75 
100 
125 
150 
175 
2909 
Pen 
250 
300 


TEMP 


10.38 
10.38 
9e9!1 
9234 
8220 
6210 
5059 
Sel? 
5273 
5048 
5019 
4298 
40765 
4248 


SAL 


32253 
32e54 
32254 
322654 
Soe? 
32262 
32292 
33053 
33273 
33278 
3380 
332e80 
33281 
33284 


42 
132-40.0W 


121 


DATE 25/7 6/74 
1465 


GMT 


97 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
rere) 
le) 
99 

124 
149 
174 
199 
eee 
248 
298 


SIGMA 
if 
24299 
24299 
25207 
25017 
250¢ 36 
25069 
25299 
26045 
26061 
26268 
26073 
26e75 
26078 
26484 


SVA 


298e1 
29748 
29004 
28166 
2630'2 
23265 
20463 
161e1 
146e1 
139623 
134.9 
1326 
12929 
12520 


DELTA 
D 

0-20 
0230 
0259 
0.88 
1.42 
2259 
3243 
3078 
4012 
4246 
4079 
52042 


POT e 
EN 
020 
0202 
0206 
0213 
Oe 35 
Oe 74 
1624 
le 76 
2029 
2088 
3058 
$e26 
5e 05 
6233 


SOUND 


14896 
14896 
1437.6 
14856 
1483l.e 
1474. 
Paw Ate 
1474. 
1475e 
1474.6 
14736 
14736 
14736 
14726 


TEMPERA T WIRE até 
u 8 le 


300 


aa) | 
600 
Wt 
OC 
=) 
w 
WII OO REF. (NG. WL = S =/'ke 
QO | 
ug-2.0 N 130-40.0 N 
1e00 MO.-6 DAY-25 GMT-20.5 
SAL NT, (O78) 


ile di, 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NGe 74=— 5S=— 43 


DATE 25/7 6/774 


POSITION 49— 2eO0Ns 130-4020W GMT 2065 
RESUCTS OF STP CAST 104 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA 
T 

0 Ey i | 3258 e) 24-288 
10 11220 32059 10 24289 
20 10.67 32¢59 20 24298 
30 9273 32260 30 25015 
50 Be 34 32e62 50 25238 
75 6087 322665 ra) 25262 
100 6246 32072 99 edete 
be 60 34 33235 124 26023 
1590 62016 33268 149 26052 
LS 5299 33281 174 26264 
200 5078 33285 199 26470 
pdf he 5047 33287 Zee 26275 
250 5225 33089 248 26079 


SVA 


308e1 
30727 
29920 
28301 
261064 
cone! 
229e7 
18165 
15425 
143.24 
138e¢1 
133-20 
12963 


DELTA 
D 

020 
0231 
0261 
0-90 
12645 
2007 
22065 
3217 
32058 
3295 
4.30 
4064 
4097 


POT e 
EN 
020 
0.02 
0206 
Oe 14 
Oe 36 
0075 
1.27 
1.36 
2044 
3205 
Ses 
4245 
5025 


SOUND 


14926 
14926 
14906 
1437.6 
14826 
1477e 
14766 
14756 
14766 
1476.6 
1475.6 
1475.6 
14756 


PRESSURE, 


60 


2» 
MM 
€) 


}-— 
CO 
Gy) 


C40 


S00; 


32 
SALINI 


TEMPERA | thie gece 
: 8 Ie 


16 


REF. NOY 7a = ou 
U8-5S1.Q9 N 128-40.0 W 


Mo.-o DAT=e2b GMi=e205 


33 
TT. 


3 
, U7 OU 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


74- S- 
48-51 ¢e¢0Ns 


RESULTS OF STP’. CAST 


PRESS 


0) 
10 
20 
30 
ft 
753 

100 
125 
130 
or a 
200 
225 


TEMP 


12224 
12.23 
120e11 
1099 
Be 2l 
7e59 
7257 
T wtih 
Te2l 
7203 
6268 
6243 


SAL 


32210 
32210 
32210 
32019 
seu 57 
32269 
Soen © 
33262 
33282 
33291 
33295 
33094 


44 
128-40.0W 


Las 


DATE 26/7 6/74 


GMT 


20S 


1907 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 


SIGMA 
a 
24 32 
24232 
24-34 
24262 
25236 
25eS55 
25291 
26032 
26049 
26258 
26066 
26268 


SVA 


3616 
3618 
35909 
334e1 
26343 
245.27 
21201 
173.5 
LSTef 
149.6 
14261 
140.20 


DELTA 
D 

020 
0236 
0.72 
1207 
1264 
Reel, 
2085 
3633 
3074 
4e12 
42483 
484 


POT e 
EN 
020 
0202 
0207 
0216 
0 39 
0.79 
1.31 
1285 
22042 
3206 
Seu 
4252 


SOUND 


1495-6 
14956 
14956 
1491. 
14Bl.e 
14806 
14806 
1480.6 
14231. 
1431. 
14806 
1479.6 


oo 
ae =: 


S 


PRESSURE, DB 


—— 
= oe 


+ 
a 
co 
= : — - = 


‘ eng te 


REF. ae 4, > * 

54 | | 

ua~S1, ON (Pe 40.0 
ave 


HO.~8 ORT-26 GMT+<.5- 


3" 3 
“SALINITY, 0/00 


BATHYTHERMOGRAPH OBSERVATIONS 


(P-74-5) 
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BATHYTHERMOGRAPH OBSERVATIONS 
This section includes all B.T.'s taken on Line sh outbound 


and inbound, and one a day on station P. 


Although B.T.'s at station P were taken every 3 hours, only 


the one taken at 1800 GMT has been shown. 


Weather conditions on Line P sometimes forces the dafiesl lation 
of a B.T., in that case an X.B.T. was taken. These X.B.T.'s 
are shown following the B.T.'s. | 
EXPLANATION OF HEADINGS 
Example: 0030/ 13-04-74 
48° 34' N. 


di yes 0.0 


0030 = Time in GMT 


13 = Day 
04 = Month 
74 = Year 


48° 34' N. = Latitude 


125° 30' W. = Longitude 


P29 


2330 / 10-05-74 0130 / 11-05-74 
48° 183"4 iN. 48° 3282 UN. 
25° 3 aw. £267.00" W., 


0405 / 11-05-74 0730 / 11-05-74 
48° 42' N. 48° 46' N. 
ZG? 40 Wi 127° 6a © Wi. 


Es 
Seer 


1130 / 11-05-74 1600 / 11-05-74 
a oe SINE 48° 56' N. 
IZe-) 40" W. 29° 40° WW 


130 


1930) f. li-05—74 0200 / 12-05-74 
49.7 D2)" N% 49° 407 2-N\. 
130% 40°" W. 132° 40' W. 


0900 / 12-05-74 1500 / 12-05-74 
5 Ss gill Boel AY N26-% Ni. 
134° 40° W. L36%"40 Sew. 


3-1 


2100 / 16-05-74 


1800 / 17-05-74 
AO Se 5 Sshas Nh 50° 00' N. 
L44°. 55%) W. 145e* O20 We 


1800 / 18-05-74 


1800 / 19-05-74 
a0 Doe Nt 50, DS LUNs 
Lage Sey We 144° 58° 0s 


138000] «2b<0a7/4 18004/ y21-05-74 
5027004 N. i) ara a 
. 144° 58' W. 144° 58' W. 


132 


1800 / 22-05-74 1800 / 23-05-74 
he gn 2 50°. G1" ON. 
1 00 We PaaS 8 ine. 


1800 / 24-05-74 1800 / 25-05-74 
50° 0". thy 50° 00' N. 
144° 49° W. L453 VS OW, 


1800 / 26-05-74 1800 / 27-05-74 
49° 56" iN 49° Ser one 
144° 57' W. 145° 00' W. 


33 


=k) Seed 
N. 


LB000 7°29 


~05=-74 
N. 
W. 


1800 / 28 


O1' 
Sor 


SDs, 
144° 


AO” 458" 
144° 57' 


W. 


-05-74 
N. 


LEO00R 4-31 


-05-74 
N. 


1800 / 30 


oF 
54! 


49° 
144° 


S'Su 


49° 
145° 00' 


W. 


W. 


-06-74 
N. 


1800" 7 02 


-06-74 


1800-7001 


yah 
00' 


49° 
145° 


So'T ao. 
W. 


49° 
Laa° ST" 


W. 


L200"7 03-06-74 1800 / 04-06-74 
49° SSLUN. 49 2R53SRN, 
144° 57' W. 144° 57' W. 


1800 / 06-06-74 1800 / 08-06-74 
50° nO0 VeN: 49°. "5S 5 N. 
144° 50' W. 144° 57' W. 


18.00. 10-06-74 1800 / 11-06-74 
49° Ebr aN, 49° 157 °ON. 
145° .00)'aW. 145° 00' W. 
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1800 / 12-06-74 1800) /* 13-06-74 
49% S8f Ne aS Sal Ns 
144° 58' W. 144° 58' W. 


1800 / 14-06-74 1800 / 15-06-74 
49f4 53°) Ni 49%, Silla Ne 
144° 56' W. 144° 56" W. 


1800 / 16-06-74 1800 / 17-06-74 
egy Sey" N. 49° 58' N. 
145° 00' W. 144° 57' W. 


136 


Hee 
Die 


ae: 


4a. 
2. 


1800 / 19-06-74 


1800 / 18-06-74 
49? 56)! Ni; 4 OO aN 
144° 58' W. 144° 58' W. 


1800 / 21-06-74 


1800 / 20-06-74 
CT ag Bi mN 502°) O:0¢" aN 
LA Oe 145° 00' W. 


1800 / 22-06-74 1800 / 23-06-74 
50°00 SN, 429° .58i'niN: 
L452 "004 ow. 444" SY" We 


ead | 


. 0315 / 24-06-74 1420 / 24-06-74 
A9% 49's Ni. 49° 41' N. 
142° 40' W. 140° 40' W. 


2100 / 24-06-74 0230 / 25-06-74 
49° 34' N. 49° 26 TNs 
138° 40' W. L36° 40" 4, 


wen 
Spex 


ect oree 
Hon 


0830 / 25-06-74 1430 / 25-06-74 
AOR 17" N. 49? "20 An. 
134° 40' W. 132% 40" (Ww. 


38 


2030 / 25-06-74 0230 / 26-06-74 
49% 02° N° 439 STN. 
130° 40' W. 128° 40' W. 


’ 7 
a Ae wil Bs 


“ ny "BROK Aa08 react | 
_ a A Ri : 


bn 


= S _ a? a : 
ees tee al 


— 
~~. 


ac a > “the. 


7s G. 34 2039 he 49 75 Be a 
A _) eae 6, 3A ead Ge 3! oni oT 
-” ep 6+i2 21% Hed at - 
"90. . 5.97 227 40% rag 
i 1901 3082 


WO.oy-rer Wo.s-ey | 


€.SS-TMa £1-YRO @-.5M wid 
| 


oy G48 
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TEMPERATURE, C 
u 8 12 16 


Acar hill oa AS Paes Sed de 


u9-6.0 N 131-40.0 W 


M0.-5 DAT-11 GMi-2e5/ 
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OFFSHORE UCEANOGRAPHY GROUP 


REFERENCE NOse 74- 5S=- 8 DATE 11- 5-74 

POSITION 49- 6e0N 131-40.0W GMT 2267 

RESULTS OF XBT CAST 43 POINTS TAKEN FROM ANALOG TRACE 

DEPTH TEMP DEPTH TEMP DEPTH TEMP 
1 vev7 103 6010 245 4e 82 
12 7e72 114 6016 260 4e72 
24 7268 118 6027 273 4.68 
29 7242 122 6228 300 4249 
36 7243 130 6223 329 4635 
AG 7022 133 6023 . 359 4022 
51 Tei2 146 6019 390 4014 
55 Biel > 4159 6204 431 3696 
583 6259 188 5.269 483 3e79 
70 6044 194 5053 536 3268 
75 6634 203 5049 565 3054 
79 6634 209 5238 621 3049 
82 62013 — 216 5034 677 3-33 
90 5.97 227 4096 749 3024 


101 5282 


300 


1500 


142 
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U G hie 


= Saeed 8 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 74- 


POSITION 


RESULTS OF XBT CAST 


DEPTH 


49-1420N 


TEMP 


7266 
7260 
7260 
7055 
7044 
fe 33 
7e21 
6289 
6251 
6029 
60218 


5 aic0 
133-40.0W 


DATE 
GMT 


L2- 
60 


5-74 


33 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


S&S 

89 
102 
L116 
122 
136 
149 
LTO 
Lae 
212 
223 


TEMP 


6018 
6202 
5285 
5e79 
5e89 
5289 
60 04 
5282 
5.38 
5220 


~5el4@ 


DEPTH 


227 
255 
268 
28z 
352 
403 
478 
568 
648 
699 
750 


TEMP 


5e 03 
4230 
4269 
4262 
40 32 
4013 
3288 
3267 
3058 
3e 50 
3242 


300 


1300 


144 


TEMPERATURE, C 
u 8 12 


Alt ei Ba Bee 


ifoize fo tN tie fo 


MO S35 (OA ke SOM Tle 5 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 74- 


POSITION 


RESULTS OF XBT CAST 


DEPTH 


4 
34 
38 
44 
55 
64 
70 
74 
77 
79 
87 
89 


49-2240N 


TEMP 


7234 
732 
Te27 
Te27 
6e80 
6243 
6206 
6207 
6e18 
6018 
5 «86 
5086 


5—- 12 
135-40-0W 


DATE, Pe 
GMT 1125 


5-74 


35 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


96 
103 
109 
114 
118 
124 
134 
146 
159 
172 
195 
225 


TEMP 


5260 
5255 
50261 
5283 
5095 
5295 
52¢85 
5281 
5e66 
5e5l1 
5e32 
5207 


DEPTH 


250 
274 
306 
343 
397 
452 
521 
590 
665 
710 
751 


TEMP 


4288 
4.74 
4250 
4e31 
4215 
3293 
30783 
3057 
32048 
3236 
3¢35 


3004 


ineode 


TEMPERATURE, C 
u 8 12 


REE NO Clee oie NE 


igs eee aaa 1 


MO.-S DAY-1le GMT-19.0 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 74- 


POSITION 


RESULTS OF XBT CAST 


DEPTH 


4 
41 
44 
50 
56 
63 
66 
763 
79 
90 


49-30¢2e0N 


TEMP 


6091 
6287 
6281 
6e71 
6238 
6206 
5090 
5290 
5263 
52047 


S=- 14 
137-4020W 


DATS: Le= 
GMT 19.20 


5-74 


29 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


103 
106 
121 
129 
152 
i7s 
195 
Pa 
247 
291 


TEMP 


5047 
5e53 
5247 
5258 
5248 
5e26 
4299 
4289 
4.67 
4240 


DEPTH 


322 
368 
412 
478 
S2l 
52 
618 
675 
mea) | 


TEMP 


4224 
4229 
4204 
3083 
3272 
3067 
3252 
3242 
3237 
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as | 


U9-3U.0 N 138-40.0 W 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSITION 


DEPTH 


100 


49-34e0N 
RESULTS OF XG&T CAST 


TEMP 


6075 
6275 
6276 
6265 
6054 
Ge 33 
6e1l 
6206 
5e79 
5062 
5e62 
53046 


bs 
138-40.20W 


DATE t2= 
GMT 2127 


34 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


108 
144 
118 
119 
120 
125 
iS! 
173 
19.1 
204 
22% 


TEMP 


5046 
5230 
5208 
5208 
5208 
5284 
Se 85 
5258 
5e4l1 
5e25 
5203 


DEPTH 


255 
286 
327 
369 
417 
465 
S32 
591 
648 
697 
750 


TEMP 


4276 
4249 
4238 
4022 
4-206 
3295 
3279 
3268 
3258 
3253 
3e42 


300 


1500 


£50 


Ilmdisimiat st MBiaie ak i 
U G tues 


« # 5 = 803 


u9-SU.O0 N 143-40.0 W 


MO..=6 (BAT—-23 (GMs. S 


La 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 74- 5-303 DATE 23- 6-74 

POSITION 49-5420N 143-40.0W GMT 228 

RESULTS OF XBT CAST 42 POINTS TAKEN FROM ANALOG TRACE 

DEPTH TEMP DEPTH TEMP DEPTH TEMP 
3 8-30 106 4079 244 4.89 
13 Be24 118 5012 259 4239 
15 8019 132 5071 275 4.88 
18 7298 141 5077 291 4e61 
26 72092 142 5288 316 4055 
33 7239 145 5-88 350 4044 
39 7034 147 5282 395 4.32 
46 728 152 6220 398 4628 
52 TwO2 167 6209 456 4010 
56 6053 169 5087 501 4204 
67 6e21 193 5e 82 546 3692 
74 5067 207 5071 590 3281 
86 5017 222 5.54 654 3269 


96 4290 231 5243 Tas 3051 


sO 


1300 


152 


TEMPERRTURE, © 
u GS Lc 


. (h = Sue 309 


U9-US.O N 141-40.0 W 


MO.=6 OAT=24 GUT=22.8 
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OFFSHORE OCEANDGRAPHY GROUP 
REFERENCE NOe 74- 


POSITION 


RESULTS OF XBT CAST 


DEPTH 


> 
16 
18 
33 
36 
42 
49 
61 
ce 4 
87 


49-45-2-0N 


TEMP 


8240 
8235 
8235 
Bel4 
Te72 
Te29 
7208 
6254 
6033 
5273 


5-305 
141-40.2.0W 


DATE 24—- 
GMT 1260 


6-74 


29 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


93 
113 
128 
152 
183 
188 
210 

231 
258 
285 


TEMP 


5e35 
4e97 
50214 
5e30 
Se 36 
5e25 
5014 
42837 
4260 
4232 


DEPTH 


319 
35! 
364 
436 
476 
544 
611 
666 
750 


FEMP 


4211 
411 
4017 
4.06 
3295 
3079 
3 63 
3252 
3036 


300 


ESUe 


154 


TEMP eRe, 
u 8 lia 16 


» (te = Sa SUH 


u9-38.0N 139-40.0 W 


MO.-6 DAY-24 GMT-18.1 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 


POSITION 
RESULTS OF XBT CAST 


DEPTH 


2 
22 
26 
BD | 
42 
48 
57 
61 
71 
79 
33 
85 
95 
99 


49-38 20N 


TEMP 


8277 
Be77 
8246 
Be 30 
Be 04 
7293 
Te72 
7240 
7e25 
7203 
6282 
6266 
be 34 
6023 


105 
110 
114 
DLS 
p25 
32 


(135 


B37 
140 
146 
ES 
LS7 
iso 
164 


155 


139-40. 0W 


DEPTH 


DATE 24- 
GMT 18.61 
42 POINTS TAKEN FROM ANALOG TRACE 


TEMP 


62007 
5e74 
5047 
5236 
5042 
5248 
5264 
5264 
ew Are) 
52075 
SAS 
5275 
5264 
Se 64 


DEPTH 


168 
185 
200 
225 
254 
279 
Be 9 
357 
408 
476 
545 
607 
664 
749 


TEMP 


52438 
Se2l 
5e05 
4278 
4267 
4040 
4e19 
4.03 
3087 
3262 
3652 
3036 
3220 


300 


ey die 


alma ta bid sae ye 
u SG line 


i end \ 1 Say ee SN Searels. 


Poe Ne ois hae di 


Me OA Gero PON lee 4 aa 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 74=- 


POSITION 


RESULTS OF XBT CAST 


DEPTH 


i 
13 
16 
18 
2y 
33 
4l 
45 
47 
51 
58 
65 
68 


49-30¢0N 


TEMP 


9209 
9209 
8298 
8267 
80245 
8240 
7298 
7282 
7250 
7e23 
7el3 
6270 
6e32 


5=309 
137-40.0W 


DATE 24- 
GMT 23¢7 


6-74 


39 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


76 
78 
82 
91 
95 

100 

104 

111 

120 

122 

129 

143 

164 


TEMP 


6200 
5073 
5e78 
5e62 
5240 
52045 
5240 
5245 
5045 
$e45 
5e45 
5651 
5e40 


DEPTH 


180 
207 
240 
293 
349 
389 
436 
497 
546 
594 
650 
693 
1S2 


300 


158 


TEMPERATURE, C 
ul 8 12 


Be. Som Do goulee 


U9-22.0 N i135-40.0 W 


NG.-—6 WAT—25 GHi-=3s5 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 74- 


POSITION 


RESULTS OF XBT CAST 


DEPTH 


1 
18 
22 
29 
30 
SM g 
40 
46 
49 
ng | 
54 
58 
ren! 
79 


49-22 eON 


TEMP 


10208 
9298 
9220 
9e15 
9e15S 
9204 
9205 
8284 
Be52 
7284 
7246 
Tees 
6272 
6240 


SOL tT 
135-40.0W 


OAT 2s 


GMT 


505 


6-74 


42 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


87 

95 
100 
105 
108 
ip 
cls 
ry at 
124 
je) 
133 
135 
139 
144 


TEMP 


6046 
5297 
5e76 
5Se71 
5e8i 
5e 82 
6004 
6e14 
6215 
oh Yo Wf 
5e 88 
6204 
62015 
6010 


DEPTH 


163 
179 
197 
219 
242 
268 
299 
349 
397 
458 
513 
560 
609 
750 


TEMP 


6200 
5278 
5257 
Se 31 
5e15 
4294 
4073 
4242 
4216 
3096 
3281 
3e71 
3062 
3228 


300 


TEMPERATURE, C 
u 8 12 


pt ey Se. ae 


“W9-14.0 N 133-40.0 W 


M0.=6 Dey=e5 GMI-miS7 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSITION 
RESULTS OF XAT CAST 


DEPTH 


1 
6 
10 
15 
22 
31 
41 
45 
50 
55 


49-1420N 


TEMP 


10234 
10.228 


9276 
9e45 
9245 
9203 
8276 
8261 
720249 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSITION 


RESULTS OF XB8BT CAST 


DEPTH 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSITION 


DEPTH 
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RESULTS OF XBT CAST 


TEMP 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSITION 


DEPTH 


48-42640N 
RESULTS OF XBT CAST 


TEMP 
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SURFACE TEMPERATURE AND SALINITY OBSERVATIONS 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE NUMBER 74- 
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SURFACE SALINITY AND TEMPERATURE ORSERVATIONS 

CRUISE REFERENCE NUMBER 74-9 5 
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OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-74-6 


( CODC REFERENCE NO. 15-74-006) 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 74=- 6= i DATE 217 6/74 
POSITION 48-33e0Ns 125-23-0W GMT 2320 
RESULTS OF STP CAST 65 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP 


fe) 11642 
10 10¢37 
20 9237 
30 Be 46 
50 72053 
7 6071 


100 6069 


DB 


PRESIUME 


60 


eg 


— 
CO 
eS, 


ara 
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Hers NO. 74 = o 


H0°36.0 N leb=O70UN 


MG. =6. UNT=2e Gh =05. 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe..74=- 6= 2 DATE 22/7 6/74 
POSITION 48-3640Ne 126- 0+20W GMT O07 
RESULTS OF STP CAST 69 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP 


0 11-98 
10 10.91 
20 9e73 
30 782 
SO 7e29 


1 7e2l 


TEMPERATURE, C 
u Bivo es oh 16 
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N0.=-6 DAT<2e bMi-s.0 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOe 74- 6- 3 DATE 22/7 6/74 

POSITION 48-390e0Ne 126-40¢0W GMT 320 

RESULTS OF STP CAST 229 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP 
.e) 11674 


10 11204 
20 10276 


30 9037 
50 8.07 
75 7e73 
100 7288 
125 7024 
iso 7024 
iv7s 7205 
200 6075 
225 6055 
eo0 60 37 
300 6202 
400 5212 
500 4283 
6090 4244 
800 4.04 


1000 3261 
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kee WD 


jen B13 


TEM Pee eh eee eee 
4 S hee 


A... ANG. fA 6 - 4 


U8-4H3.0 N 127-40.0 W 


MO 26 LOH tae CGM F656 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOe 74—- 6- 4 DATE 22/7 6/74 

POSITION 4&8-43.0Ns 127-40¢0W GMT 628 

RESULTS OF STP CAST 242 POINTS TAKEN. FROM ANALOG TRACE 


PRESS TEMP 


e) 12207 
10 12207 
20 11.260 
30 11.28 


SO 8209 
is 72069 
100 7e 33 
125 7ell 
150 Vital 
175 6298 
200 6280 
225 6e60 
250 6234 
300 5e 82 
400 4.95 
5090 4.54 
600 4-27 
800 32093 
1000 3047 


1200 3201 
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iteny BYE 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOe 74- 56= 5 DATE 22/7 6/74 

POSITION 48-49420Ne- 128-4020W GMT 11e2 

RESULTS OF STP CAST 234 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP 


0 12202 
10 12202 
20 11.290 
30 11.268 


50 8200 
75 7043 
100 7247 
125 Te22 
150 7229 
Ordo 7eO1 
200 ' 6264 
aif aa 60 39 
250 6202 
300 5268 
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500 4260 
600 4e31 
800 3279 
1000 30 34 
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OFFSHORE OCEANGGRAPHY GROUP 

REFERENCE NOe 74- 6=— 6 DATE 22/7 6/74 

POSITION 48-S720Ns 130-4020W GMT 18¢2 

RESULTS OF STP CAST 244 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP 
0 10.80 


10 10674 
20 10265 


30 9252 

50 7e35 

75 6e63 
100 60243 
leo 6230 
150 6014 
LS ye 5278 
200 5258 
225 5222 
259 4299 
300 4267 
400 4232 
500 4.205 
-600 3086 
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1000 3e 07 
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GQFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOs 74- 6- 7 DATE 237 6/74 

POSITION 49-146¢0Ns 134-4020W GMT 9Qe7 

RESULTS. OF STP CAST 105 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP 


6) 9260 
10 9248 
20 Gell 
30 8269 
50 6097 
TS 50 74 

100 Se 31 
125 5282 
1S0 5278 
5275 
200 oe oS 
225 5.006 
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BATHYTHERMOGRAPH OBSERVATIONS 


(P-74-6) 


234 


BATHYTHERMOGRAPH OBSERVATIONS 


This section includes all B.T.'s taken on Line P outbound 


and inbound, and one a day on station P. 


Although B.T.'s at station P were taken every 3 hours, only 


the one taken at 1800 GMT has been shown. 


Weather conditions on Line P sometimes forces the cancellation 
of a B.T., in that case an X.B.T. was taken. These X.B.T.'s 
are shown following the B.T.'s. 
EXPLANATION OF HEADINGS 
Example: 0030/ 13-04-74 
AG? 34..N, 


£292 73040W. 


0030 = Time in GMT 


13 = Day 
04 = Month 
74 = Year 


48° 34' N. = Latitude 


125° 30' W. = Longitude 
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225037" 20674 0035 / 22-06-74 
AS cers SUE TN 48° 36' N. 
P20 eee ss : L26° 0 W. 


0300 / 22-06-74 0700 / 22-06-74 
48°, 39"; oN, 48° 43' N. 
126° 40" aW. 127° 40' W. 


1100:/ 22-06-74 - 1524 / 22-06-74 
48° 49" N. 48° 50° ON. 
Zo. AQ" We, BB anaes 
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0600 /, 23-06-74 


1800 / 22-06-74 
AS” fo /ne oNs 49° 24' N. 
130° 40' W. 133° A0ve WW. 


1000 / 23-06-74 1230 7 23-06-74 
49° 14" N. ce Beall ico la & 
134° 40" W. w L325? =i "Ww 


1600 / 23-06-74 1900 / 23-06-74 
49° 23.¢N. ie ea hy dihndk 
136° 42°+WN 137? 40" 
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2200 / 23-06-74 0100 / 24-06-74 
49° 3) DeeN A9.2W 364 0N: 
F358 74 36 toe Wc 139° 40' W. 


0400 / 24-06-74 0715 / 24-06-74 
49° 40' N. 49° 45' N. 
140° 40' Ww. 141° 40° w. 


1015 / 24-06-74 1500 / 24-06-74 
49° 0 VN. 30° Oe ON 
142° 40" W. 143° 40' W. 
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1800 / 25-06-74 1800 / 26-06-74 
49° 44' N. 50 SP To tens 
La Som OW Lage Sr WW. 


1800 / 27-06-74 1800 / 28-06-74 
5.0 °, pOO IN. BO? ya Os © ING 
146° 40' W. 146° 00' W. 


1800 / 29-06-74 1800 / 30-06-74 
50° 04° yNi 0. °F « Witt ries 
146° 45' W. 145° 14' W. 
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1800 / 01-07-74 1800 / 02-07-74 
oO” 215 -h. D0° #67 oN. 
145° 26% «W. | 145° 22'ey. 


1800 / 03-07-74 1800 / 04-07-74 
49° 52 '" Ne Ao Oe 1 ANS 
144°) se" WN 144° 56' W. 


1800 / 05-07-74 1800 / 06-07-74 
40” OB" ils 50? OF RR 
144° 54' W. LA5° 00" Ws 
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1800 / 07-07-74 1800 7 08-07-74 
50° ZO' rR. AO Pr Die eens 
145°. 27 "FW. 144° 47' W. 


1800 / 09-07-74 1800 / 10-07-74 
49°, 50 "teN. 49° 44' N. 
144° 23' W. . 144° 00' W. 


1800 / 11-07-74 1800 / 12-07-74 
50°¢ OO HIN a9 °V ST wh, 
145° 45'' Wi 145° 28' W. 
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1800 / 13-07-74 1800 / 14-07-74 
be eS ARS fe 49° 557 ON. 
La ., uae BW ' 145° 05780. 


1800 / 15-07-74 1800 / 16-07-74 
CTS eames Bane Dn gee im. 
145° 04' W. 145° ba" WW: 


1800 / 17-07-74 1800 / 18-07-74 
50°" 027 «Ne 49° 48' N. 
145° 24' W. L45°"l12" Wis 


242 


1800 / (20=07-74 


“07-74 


LEO 9 


3.1 stirs 
30 


oh. ad 
145° 


N. 
W. 


00' 
53" 


50° 
144° 


W. 


1800 / 22-07-74 


-07-74 


1800 / 21 


OO * ADE. 
49! 


50° 
144° 


58' N. 
1 


49° 
145° 


W. 


WwW s 


-07-74 


1800 / 24 


-07-74 
N. 


1800°/" 23 


= an 
2 


49° 
145° 


49° 533 ' 
145° 45' 


W. 


W. 


243 


Pie a 


1800 /, 26-07-74 


1800" 7° (25-07-78 
5° O12 a, Oe LO 2N aN . 
Lan? 50 Wl. | pa4° 38" W. 


1800 / 28-07-74 


1800 / 27-07-74 
D0? OF oN. £9° 95" aEN. 
14g° S35" WW, 144° 31' W. 


ae 


2 


bs 
“> 


1800 / 29-07-74 1800 / 30-07-74 
49° 52' N. AO 3 4a 
144° 42' WwW. NA So ear ee A 
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1800 / 31-07-74 1800 / 01-08-74 
50° ‘O:7"~ Ne 5.0:% 24° Ni. 


145% 53.'"°-W, 145% 33. We. 


1800 / 02-08-74 1800 / 03-98-74 
50.%\ BAA oNs 50} 283s Ne 
145°. .568-" We LAS % 2h" Wee 


1800 / 04-08-74 
5Ore Los4 Na 
144° 51' W. 
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0600 / 05-08-74 1830 / 05-08-74 
ag” 250" Ns AQ° 31 ™sNg 
142° 40' W. ise? AQ" Wi 


0720 / 06-08-74 1935 / 06-08-74 
49° 14' N. 489 S57" N. 
134° 40° W. 130% 40° W. 


0425 / 07-08-74 
48° 44' N. 
27° 40" Wi 
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TEMPERATURE, C 
er 3g fe 16 


v2 


150 
os 
Lees _ NO. A Abad 
a) 
ub-51.0 N 146-15.0 W 
300 


MOSS be AY -Cb: GM = Onrd 


ag ee 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 74=- 6=— 28 
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POSITION 49=—51¢0N 146-15-40W 


RESVLTS OF XBT CAST 


DEPTH TEMP DEPTH 
1 7250 64 

24 Te 49 73 
30 7238 oT 
sy | 65e 34 78 
34 6268 85 
42 6052 90 
| 5240 | 94 
538 6024 103 


DATE 26-< 


GMT 


TEMP 


Sef5S 
Se 36 
5e31 
5020 
5e14 
4097 
4291 
4263 


DEPTH 


233 
147 
167 
189 
210 
234 
270 
290 


24 POINTS TAKEN FROM ANALGCG TRACE 


TEMP 


4656 
4061 
4049 
4e 32 
4.14 
4007 
4.95 
3093 


300 


PSMONe 
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(SAM etecgke eh Bland eee E 
u G ee 


el Ge ee 
apes Gatap | Mieultcearal nya et 


Mi Oe DAT — Ge eas 


OFFSHORE OCEANOGRAPHY GRCUP 
REFERENCE NOe 


POSITION 
RESULTS OF XBT CAST 


DEPTH 


2 

4 
23 
25 
29 
38 
43 
48 


50-31¢40N 


TEMP 


11.237 
11.622 
11.18 
9268 
8248 
Teese 
62052 
62036 
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02e0W 


56 
66 
81 
98 
105 
107 


123 


1Z2 


DEPTH 


DATE 
GMT 


TEMP 


5293 
50245 
4-31 
4e21 
4.05 
3089 
3278 
3e79 


DEPTH 


131 
143 
169 
196 
240 
289 
346 
i Oar 4 


24 POINTS TAKEN FROM ANALCGG TRACE 


TEMP 


3296 
4.25 
4213 
42900 
3<88 
3e70 
3067 


300 


1500 


250 


ERPS RE ORIE . | aC 
U G as 


REF. We ol = “ie Seeks 
SN-1L02 NY iuuSse daw 


WO..—6 (DANS IGnir=O.i 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 
POSITION 50- 


RESUL!o Dr AGT CAST 


DEPTH TEMP 
rs 11253 
cA 11.248 

16 11233 
290 10.214 
22 3252 
25 7299 
28 7256 
a Fe 7025 
42 62098 
50 6061 
$5 6023 
59 6024 
62 5091 
68 3054 
73 Se2l 
84 4294 


251 


Se OW 


91 
99 
102 
105 
106 
109 


dii 


118 
122 
125 
i33 
iS2 
170 
193 
206 
224 


DEPTH 


DATE 
GMT 


TEMP 


4283 
5200 
5017 
5Se22 
$033 
5239 
5266 
520 83 
5288 
6205 
6021 
6027 
6023 
Ge 07 
5097 
5276 


DEPTH 


Zon 
235 
254 
269 
nee 
293 
323 
358 
38S 
421 
4B4 
rete | 
S65 
611 
672 
751 


48 POINTS TAKEN FROM ANALOG TRACE 


TEMP 


5Se60 
5255 
5234 
5029 
Sel 3 
4292 
Ge 60 
4051 
4.230 
4215 
3690 
3280 
3265 
3256 
3042 
3029 


300 


1300 


22 


TEMPERATURE, C 
u 8 12 


REPL Ndeee = OG SH 
GG-SSOONN tilssea-@ N 


MO.=-o UAT —o GM—o 0 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 


POSITION 49-55-40N 
RESULTS. OF XBT CAST 


DEPTH TEMP 
2 11.289 
8 11279 

16 11.63 
25 11.258 
29 Literns'S 
34 8246 
a 7293 
43 FeS56 
46 7el9 
50 6287 
au: 6044 
69 5279 
re 5279 
75 5268 
80 5219 
B4 5203 
92 4.298 


97 
103 
108 
114 
120 
124 


. og 


134 
140 
142 
149 
163 
Lae 
187 
198 
206 
215 


253 


143-22.0W 
50 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


DATE 
GMT 


TEMP 


4.2.37 
4287 
5203 
5e 36 
5e42 
5269 
6013 
6e18 
6029 
6034 
6035 
6229 
6— 30 
6014 
6014 
5287 
5e387 


DEPTH 


220 
222 
24} 
251 
alee ef 
289 
324 
350 
398 
432 
483 
ao 
73 
622 
680 
749 


TEMP 


5276 
5260 
5255 
5228 
5.06 
4695 
4074 
4052 
431 
4e15 
4.05 
3089 
3.73 
3263 
3653 
3026 


300 


1300 


254 


TEMPERATURE, C 
u 8 12 


Ror. IND. 7 = 5b = 3b 


U9-46.0 N 141-H0.0 W 


NG. 8 WW 3° bh = 47 


16 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 


POSITION 49-46¢60N 
RESULTS OF XSI CAST 


DEPTH TEMP 
2 12209 
fi 11.99 

15 11.99 
20 11.79 
29 112674 
Be 11.53 
Wd 9e82 
39 8e78 
4&4 Be 04 
51 7230 
59 6276 
61 6e55 


65 
69 
74 
B1 
91 

100 

115 


Leo 
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Table 1. List of stations making oceanographic observations in 1973. 
Locations, and names of observers. 


Station 


Langara Island 


Bonilla Island 


McInnes Island 


Cape St. James 


Egg Island 


Pine Island 


Kains Island 


Amphitrite Point 


Sheringham Point 


Race Rocks 


Cape Mudge 


Sisters Island 


Chrome Island 


Entrance Island 


Departure Bay 


Active Pass 


Location 

Dixon Entrance, 
south side 

Hecate Strait, north 


Milbanke Sound entrance 
north side 


Queen Charlotte Islands, 
south end 


‘Smith Sound, southern 


entrance 


Queen Charlotte Strait, 
western entrance 


Quatsino Sound entrance, 
north side 


Barkley Sound, western 
entrance 


Juan de Fuca Strait 
northern shore 


Juan de Fuca Strait, 
eastern end 


Strait of Georgia, 
northern entrance 


Strait of Georgia, 
central 


Strait of Georgia, 
central western shore 


Strait of Georgia, 
central western shore 


Strait of Georgia, 
central western shore 


Strait of Georgia, 
southwestern shore 


Observer 

S.G. Westhaver 
Les, GAEL 

W.F. McIlroy 


D.S. Collette (Miss) 
J.M. Collette 
T. Borowski 


J.M. Godin (Mrs.) 
N.R. Wilson 
D.L. Kupillas 


E.R. Carson 
S. Bell (Mrs.) 


M.I. Nelson (Mrs.) 
V.C. Emrich (Mrs.) 


PC.) Colvins’ (Mrs) 
J. Coldwell 


O.A. Edwards 


E.S. Bruton (Mrs.) 


A.A. Anderson (Miss) 


C.W.A. Egg 


W. Milne 

I.G. McNeil 
J. Carreck 
L.E. Sharland 


W.E. Gardner 
T. Haraldson 
E. Cehak (Mrs.) 


F.R.B. Personnel 
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Observations of Seawater Temperature and Salinity 
at British Columbia Shore Stations in 1973 
by 


L.F. Giovando and H.J. Hollister 


Introduction 

Daily observations of sea-surface temperature and salinity have 
been made since the early 1930's at numerous locations along the British 
Columbia coast. During 1973, observations were made at 16 shore stations 
(Fig. 1). Table 1 lists the stations in a north-to-south order, together 
with their general locations, and the names of the observers involved. 
Most of the sampling sites are at lightstations, and the voluntary 
services of the lightkeepers as observers have been obtained by arrangement 
with the Ministry of Transport. The Cape St. James station is a combined 
radiobeacon and meteorological station, and the services of the staff 
there were obtained through the kind permission of the Regional Director, 
Atmospheric Environment Service. The observers receive a payment for their 


work. 


This report presents the data obtained from these shore stations 


during 1973. 


Observational Equipment and Procedures 


Each daily observation is made within one hour before (and as 
near as possible to) the occurrence of the daytime high tide. The exact 


time is dependent both upon weather conditions and upon the press 


of the observer's lightkeeping duties. No observations are attempted 


in darkness. 


The characteristics monitored are those at a depth of 3 feet 
(0.9 metres). Sea-water temperatures are measured by means of a mercury- 
in-glass thermometer having a temperature range of 30° to 85° Fahrenheit (F); 
it is graduated in 0.5° intervals. The temperatures are estimated to 0.1°. 
The maximum index scale error is +0.3°. The thermometer is mounted in a 


protective case. 


At all sites except Cape St. James and Sheringham Point, a 25-oz. 
(710 cc) seawater sample is collected at the same time as the temperature 
is recorded, for use in the measurement of density by means of a hydrometer. 
The hydrometers employed are similar to those whose use was initiated at 
its tidal stations by the U.S. Coast and Geodetic Survey (U.S.C.&G.S.) - 
since 1970 a part of the National Ocean Surveys of the National Oceanographic 
and Atmospheric Administration (N.0.A.A.). The "hydrometer-reading" 
techniques utilized are those described in the U.S.C.&G.S. Hydrographic 
Manual (Adams, 1942). All hydrometers used here are calibrated, and the 


appropriate corrections applied to the readings obtained. 


The time of each daily observation, the seawater temperature 
and the hydrometer reading are recorded on "monthly" record forms which 
are at present mailed to the Pacific Environment Institute, West Vancouver, 


British Columbia, for preliminary processing. 


Accuracy of the Data 


In the published output, the values of sea temperatures listed 
are those reported by the observers. Data are rejected outright only 
when it is discovered that a faulty thermometer has been used. The 
accuracy of individual readings sould be +0.3°F. The hydrometer readings 
are reduced to densities at the "standard" temperature of 15°Celsius(C), 
(59°F.) by means of tables prepared by Zerbe and Taylor (1953). These 
densities in turn provide corresponding salinity values. Field comparisons 
involving several dozen samples have indicated that about 85% of the 
"hydrometer" salinity data agreed, to within +0.3°/o9; with corresponding 
values determined by salinometer (Hollister, unpublished). Abnormal 
salinity values were rejected when they were indicated obviously to result 


from incorrect reading of the hydrometer. 


Machine Processing of the Data 


The daily temperature and salinity data are processed into 
final form by the Marine Environmental Data Service (MEDS) in Ottawa, 


Ontario. 


From each month's series of daily observations at a station, 
the monthly-mean value of temperature and of salinity, as well as the 
corresponding standard deviations, are computed. The means are "rounded 
off" to the first decimal place. The values of standard deviation have 
been truncated at the second decimal place. Asterisks immediately preceding 
a non-zero value denote interpolation (see page 5 ). Periods of greater 


than two consecutive days of "missed'' data (whether planned or involuntary) 


are indicated by daily "*0.0"' entries in the tabulations. Invalid days 


such as April 31 are denoted by a "0.0" entry. 


A form of smoothing has been performed on the data to minimize 
the effect of any "high-frequency" variability (that resulting from tides, 
etc.). The daily values at each sampling station have been here considered 
to be equally-spaced in time, with a sampling interval, therefore, of 24 
hours. A seven-day, normally-weighted running mean (e.g. Holloway, 1958) 
has been utilized for smoothing; this form of filtering is considered to 
result in an output free of such defects as "polarity reversals" or phase 
shifts. The running means of the daily temperature and salinity data for 
the entire year have been computed at MEDS. An automatic plot of these 
means has been obtained. (A copy of the computer program involved is 


available from The Pacific Environment Institute, West Vancouver.) 


Presentation of the Data 

The first major section of the report subsequent to the 
introductory text presents, in monthly format for each sampling location, 
the daily values of temperature (°F) and of salinity (ppt, 7/50) - pp.9 
to i/% Also included for each month are the mean, maximum and minimum 
values, the standard deviation (STD DEV.) and the number of observations 
involved (OBSVNS). The listing for December includes in addition the 
annual (YRLY) means. The station listings are arranged in the same 
geographical order as are the locations given in Table 1. The latitude 
and longitude of each station are noted immediately following its 
designation. (The pages of this section are direct-image copies of the 


computer output.) 


For ease in reference, the monthly- and annual-mean temperatures 
and salinities are summarized in Tables 2 and 3 respectively. Temperatures 
in Table 2 are given in °C (rounded to the first decimal place) rather 
than in °F, in deference to the rapidly-increasing use of the Celsius 
system of temperature measurement in North American marine reporting and 


use. 


Annual graphs of the seven-day, normally-weighted running means 
for temperature and salinity comprise the second major section of this 
report (pp. 75 to 107 ). These graphs are copies of the automatic plots, 
reduced to "page" size. In order that the graphical output be reasonably 
continuous, interpolated values have been inserted in any l-or 2-day 
periods for which data were not available. Each such interpolated value 


is designated in the tabulations of the daily data by an immediately- 


preceding asterisk. The running-mean computations are interrupted by such 


an entry and there is a resultant "gap'' in the relevant plot. 


It may be noted that an extensive bibliography of relevant 
papers and articles, as well as a list BE previous data records for all 
B.C. shore stations, are included in a report by Hollister and Sandness 
(1972); the publication deals primarily with the monthly- and annual- 


mean temperature and salinities for the period 1914-70. 
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Tabulations of Daily Sea-Surface 


Temperature and Salinity 


1973 


TEMP: Temperature (°F) 


SAL: Salinity (ppt, °/90) 
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LANGARA ISLAND 54 15 19 N 133 03 30 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL LEAP SAL 
1 43.4% Sea 42.8 32-5 43.3 32-4 
2 G1.5 3204 4209 3204 43.6 320% 
3 &104 3201 4228 320% 4324 323 
& 42.6 3201 42.5 325 43-6 32.8 
5 &iel 320% u2eil 32.3 &3.9 3205 
6 42.3 3207 42e2 320% 43.9 3207 
i 42.4% 320% 4205 32 8 44.0 3207 
8 42.3 3265 43.3 3229 Heil 32-5 
3 41.9 3207 &2.8 325 43.9 3245 
10 &2.3 3225 *¥ 4264 *¥ 32.6 43.9 3229 
11 & 3.1 3267 &2e1 3207 43.2 32.5 
12 G31 32.0 &2e2 3264 4322 32.5 
13 * &3.0 ¥ 3202 4&2.3 31.8 43.3 32.5 
14 42.8 3223 43.4 3224 43.3 3224 
15 &2.6 320% 4&. 3 3265 43.0 32.3 
16 43.1 3227 43.3 32 04 43.0 3224 
17 &3e1 32-8 43.9 3267 42.5 32.3 
18 42.6 3267 43.8 3223 %2.3 32-4 
143 42.8 3204 Geil 325 &3el 32.3 
20 42.8 3205 44.2 32.3 4326 324% 
(ae &3.0 32e1 44.4% 3205 &3.9 32.3 
22 &&.0 320% 44.0 3201 Geil 32.4% 
23 42.7 3228 * 4&3e7 ¥ 32-3 44.0 3223 
24 4206 3225 4304 © 3245 &4.0 320% 
25 &2.5 32.8 42.5 3223 43.8 32-5 
26 * &2.4% * 32.8 %&3.9 3204 43.6 32.5 
a0 42.3 3228 4326 32.3 43.5 32.7 
28 * 42.6 ¥ 3246 432.3 320% &3.2 3225 
ae &3.0 3265 0.0 0.0 43.9 3267 
30 42.8 32.5 0.0 0.0 4326 32.7 
31 * 42.8 * 3205 0.90 0.0 43.8 3207 
MEANS 4226 32-5 4322 322% 43.5 3225 
O8SVNSe rat 27 26 26 31 31 
MAXIMUM 44.0 32-8 Ghee 32.9 GY.1 3209 
MINIMUM Giel 32.90 &2el 31.8 42.3 32-3 


STO-DEV. 262 023 76 rn 0&5 ©16 


ut 


LANGARA ISLAND 54 15 19 N 133 03 30 W 
APRIL MAY JUNE L973 
DATE TEMP SAL TEMP SAL TEMP SAL 
2 &3.7 32-9 45.7 32.8 47% S265 
2 G4e2 32.8 45.8 32e1 47.26 32.8 
5 Le? 32.5 45.9 32.3 4606 $205 
& 44.4 32.7 45.7 32.7 4723 32-7 
5 44.7 32-8 45.7 3225 &7.5 3207 
6 * 44.6 *¥ 32.6 46.4% 32.8 47.7 32-8 
7 44.5 324% 4524 321 4Bel 32.7 
8 45.0 32 04 4663 32.5 47.0 32.5 
9 45.1 32.8 44.9 3228 47.3 3265 
10 44.2 3225 45.1 3228 &8.3 32.5 
ii Hei 32.8 45.0 3205 47.5 32.7 
ee 43.6 3225 46.0 32 0% 48.3 3239 
13 G44 3228 4&6He2 3267 49.5 32.8 
14% 44.0 33.0 * 4628 wor ocuet 50.3 32.7 
15 44.0 3207 47.3 3267 &Be1 32.3 
16 &5el 3225 &7e2 32-5 50.2 32.7 
17 45.3 3207 4608 32.9 49.2 32.7 
18 4522 3205 * 47.2 32.24% 493.6 3207 
ve) 45e1 32-8 477 32.9 49.4 320% 
20 &4.3 32 04% 468 32 04 51.0 o2e3 
21 4523 3225 4Be4 3204 49.9 32.4% 
22 45.5 32.7 &7.7 323 50.5 Set 
2a 4Sel 3209 *¥ 4723 * 32.3 49.0 32.4 
24 45.23 3205 4609 3223 49e2 3201 
Zo 44.7 3204 47.2 3263 494% 3205 
26 4&3 32.3 460% 3203 49.4% 32.5 
a 6 44.5 3225 46.9 32.0 48.9 3224 
28 44.6 3225 46.5 3267 50.9 3204 
29 454% 3265 47.0 325 50.6 30.7 
30 45.0 32-4 47.8 32-5 50.1 S201 
31 0.0 0.0 47.0 3267 0.9 0.0 
MEANS &4&.7 3226 46.5 3225 4% 8.8 3225 
OBSVNS. 29 als) 28 ao 30 30 
MAXIMUM 45.5 33.0 48.4% 32.9 51.9 32.8 
MINIMUM 43.6 32.3 44.9 32.0 46.26 30.7 


STO.DEV. 053 019 20 e25 1.23 39 


wy, 


LANGARA ISLANN 54 15 AQAN 133 03 30 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 49.4% 32e1 51.7 32 04% 51.5 31.8 
os 49-8 3201 52e€ 3225 53.7 31.9 
3 49.3 32.0 5204 3225 535 32.0 
i 48.6 3225 5323 3223 53.7 3205 
5 49.3 325 5203 32 0% 54.3 3201 
6 4B 3201 5304 325 54.9 3201 
7 48.8 3224 5422 3204 53.8 32.0 
8 49.9 3223 53-9 3220 53-4 31.6 
i] 50.5 3223 5363 320% 54.5 31.8 
10 50.6 31.9 54.6 31.6 53.6 31.9 
11 50.4 32.3 54.8 31.4 54.3 32.0 
12 51.9 322% 53.7 32.9 54.0 31.8 
13 51-2 32-3 52e7 ps APY 5325 3223 
14 5325 31.2 54 eh * 32-8 52.6 32.5 
15 53.3 30.8 53-3 3207 52-3 3225 
16 5462 30.8 5342 31.9 52-5 32.3 
17 52.7 3124 5225 3204 52-5 32.8 
18 53.5 31.8 5203 32.0 5227 3207 
1 51.8 32.1 S2eE ~ oi.ei9 5464 32-8 
20 5225 3220 5363 3128 5223 32-8 
raN 5205 32.0 50.7 31.9 54.9 32.3 
ce 49.6 32ei 51.0 3201 53.8 31.9 
23 50.0 3125 SLE 3129 5202 29.8 
24 51.0 32.20 S4He2 31-8 51-8 30.4 
2.5 50.8 32-3 5324 31.9 50.6 31-4 
26 51.6 31.6 53.4% 32.3 51.3 31.8 
27 5202 32-3 5220 3223 52.3 31.6 
28 51.6 32.8 520% 3223 51-4 31.6 
29 520% 3269 5203 32.5 51.7 31.9 
39 51.2 321 5322 33.0 5222 31.9 
31 526 32-5 5248 3207 0.9 0.0 
MEANS Siel 32.0 53.0 3202 53.9 32.0 
OBSVNS. 31 31 31 28 30 30 
MAXIMUM 54.2 32.9 54.8 33.0 54.9 32.8 
MINIMUM 4B 30.8 50.7 3104 50.6 29.8 


STD.DEV. 1.58 250 2 29 238 1.12 264 


LS 


LANGARA ISLAND 54 15 19 N 133 03 30 Ww 
OCTOBER NOVEMBER DECEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 51.5 31.9 G9o1 3126 43.2 31.8 
2 52.2 3204 G71 31.6 4bek 341.5 
3 52.7 31.6 45.6 31-6 44.4 Th od 
4 51.8 31.6 44.6 32.0 44.9 31.8 
5 51.8 31.6 43.9 31.9 43.9 31.6 
6 50.4 31.5 43.6 31.9 44.2 31.5 
7 50.9 31.4 43.0 32.0 44.2 3128 
8 51.3 3125 43.2 32.3 43.9 31.8 
te) 51.3 31.6 43.2 32el1 44.9 31.6 
10 52.2 31.9 ee ee 32.5 44.0 3265 
11 S207 32.0 43e4 31.9 44.3 32.0 
12 49.9 32.0 44.7 31.9 44.0 3201 
13 49.2 32.0 44.0 31.9 44.4% 3201 
14 49.5 32.0 4&.G 32.0 44.3 3128 
15 50.3 31.6 * 44.4 * 32.0 4h. ? 31.6 
16 50.2 31.8 44.3 32.0 43.4 $1.8 
aA 50.2 31.8 43.6 32.3 42.6 31.9 
18 49.9 31.5 43.6 3201 43.2 314.9 
19 49.9 31.6 43.8 32.0 44.9 31.8 
20 50.9 31-8 44.0 32.0 44.7 31.8 
21 49.7 31.6 446 31.9 44.0 S229 
22 49.2 31-6 43.6 Sige 43.0 32.0 
23 49.5 31.6 44.8 3231 44.0 31.9 
2& 48.9 31.8 44.9 3265 43.9 31.6 
25 49.2 31.8 45o1 32.0 * 43.8 * 931.7 
26 49.8 31.8 44.5 32 oh 43.6 31.8 
27 50.3 31.6 44.0 31.8 43.2 32.0 
28 SO0e1 31.9 44.0 31.9 44.0 31.8 
29 * 49.8 #13250 4308 315 43.5 31.8 
30 49.6 32.0 43.2 32.0 43.5 31.8 
31 48.7 31.5 0.0 0.0 4204 31.9 
MEANS 50.4% 3957 44.3 32.0 43.9 3168 
OBSVNS. 30 30 29 29 30 30 
VittEvecIMEchINS eo eleleelaleleleleielé o1e1elele 6 e164 610 010 6)e1e'6 6 616 616 ©1616 616 6.46666 &7.2 S22 
MAXIMUM 52:7 3251 GIe1 3265 44.9 32.5 
MINIMUM 48.7 31.4 43.0 31.2 42.4 34.5 


STD.OEV. 1-14 20 1.26 29 ° 64 229 
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BONILLA ISLAND 53 29 39 N 130 38 O& W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL SEMP SAL 
1 44.5 31.6 4304 3i.1 43.0 30.8 
2 43.8 31.5 43.5 30.8 4207 30.8 
3 G205 3125 43.0 311 42e7 3iei 
& 43.0 31.6 43.2 31.0 &4.2 31.0 
> &1.6 31.5 42.3 30.8 43.8 31.0 
6 &2.0 312% 4322 31.1 45.0 31.0 
‘ 4228 31-6 43.0 31.0 GUY 31-2 
8 42.6 3125 43.0 31.1 &&e2 31.0 
| 42e2 3124 4265 31.9 454 30.6 
10 42.3 31.5 42.8 31.0 44.5 31.0 
11 42.6 31.6 42.8 31.22 44.9 31.0 
Le G31 31.5 41.5 3122 43.5 30.8 
13 &3el 31-6 40.8 31.0 44.0 31.0 
14 43.4% 3104 41.5 30.8 44.5 31.9 
a5 44.0 31.5 4302 30.8 41.5 3022 
16 43.2 31iei * 43.6 * 30.8 42.8 30.6 
ed 43.0 31.0 44.0 30.8 41.5 30 4% 
18 43.0 3ie1 42.8 30.6 42.8 30.8 
19 &2e1 31.0 43.8 30 «4% 44.0 30.7 
20 %&2-8 31-1 4322 30.6 45.0 31.1 
21 b2oh 31.1 436 31.0 4625 30.7 
22 BHe2 31.1 435% 31.0 44.3 30.8 
23 44% 31-5 4h. 0 2929 &4.2 31.9 
24 &3.2 3124 4328 30.2 45.3 31.2 
“alpen 4228 31.4% 43.8 31.90 44.6 30.7 
26 43.0 31.2 4be2 31ie1 44.0 30.7 
Aid G2ei 31.2 43.8 31.0 &5.0 31.0 
28 43.0 31.5 42.90 30.6 &G.2 30.7 
23 &3e4 31.6 0.0 0.0 43.5 30.3 
30 43.0 31.9 0.9 0.9 4&.0 30.7 
31 42.6 31.1 9.0 0.0 GGG 31.0 
MEANS &3.90 3124 43.0 30.9 4329 30.8 
OBSVNS. 31 3i calf 27 31 32. 
MAXIMUM 44.5 31.6 44.2 3122 4625 Si.2 
MINIMUM 41.6 31.0 40.8 29-9 Gif 30.2 


STO.DEV. 70 021 o 8& 031 1.2115 025 


15 


BONILLA ISLAND a8 29 39) N 130 38 04 W 
APRIL MAY JUNE 1373 
DATE TEMP SAL TEMP SAL TEMP SAL 
al 450% 30.8 4609 3120 ee Be, 31.0 
2 G42 31-1 47.8 30.7 &8.0 wee 
3 46.5 31-9 4&9e2 31-2 50.0 31.22 
h 45.8 31-2 49.4 31-5 47.0 31.0 
5 45.5 31.0 46.5 30.3 4725 31.9 
6 46.3 31.0 48.5 31-5 48.0 Ziel 
i 46.5 31.4% * 47.8 © Sree 48.5 31.2 
8 45.8 31-2 47.2 31.0 48.3 31.1 
bs 45.7 31-4 47.5 31.9 50.8 Siel 
10 4526 SLeol &B.2 31.2 51.2 3iel 
ii &4.5 30.8 48.8 30.7 49.5 30.7 
12 45.9 31.0 47.0 30.8 51.0 30.8 
13 45.8 31.2 G8e2 31.9 5124 31.1 
14 45.8 31.2 50-2 Siei 5226 315 
15 46.5 S1iel 49.0 31.9 5202 314 
16 47.0 31.0 50.5 31.4% 53.2 31.8 
17 47.28 31.22 51.23 Sil 53.6 31.8 
18 &T7e% 31ie2 4Be7 31.0 55.20 31-5 
b Ase 4G4&e7 30.7 51.6 31.0 54.4% Si. 5 
20 &7.3 31.1 G&B.7 31.0 53.7 Siet 
21 4703 30.8 48.0 31.9 54.5 30.8 
22 &7.25 30.7 %&9.0 3122 5562 31.0 
23 47.28 31.0 47.7 31iel Leo 30.8 
24 47.8 S1iei 48.9 31.2 5228 Sil 
25 460% 31-1 47.7 Si-2 53.8 30.8 
26 4602 311 49.3 31.90 53-2 31.1 
hth 46.0 30.8 49.0 312 50a e 30.8 
28 45.5 30.7 50.5 31.1 54e7 31.6 
20 &8.0 30-7 48.2 31.0 51.5 3028 
30 47.7 31.2 51.0 Sieil 51.8 30.8 
31 0.0 0.0 49.0 31.2 0.90 0.9 
MEANS 46.3 31.0 48.8 $1.1 Duet mis se | 
OBSVNS.e 30 30 30 30 30 390 
MAXIMUM 48.0 31.4 51.€ 31.5 Oren 31.28 
MINI MUM &4&.2 30.7 46.5 30.3 47.0 30.7 


STO.OEV. 1.96 20 1.390 023 2040 “en 
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BONILLA ISLAND 9S. 2 9) os SN 130 38 04 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 52.5 31-2 5265 31-5 520k 31.4 
a 51.8 31-1 5502 31.6 53-2 3124 
3 51.7 31.22 54.2 31.2 5202 31.2 
& 52.8 312% 5265 31.5 5205 31.6 
5 53.90 3iel 5202 31.6 53.1 312% 
6 53.63 3124 5225 3125 53-2 31.1 
7 53.9 31.2 51.6 312% 53.5 30.6 
8 53.8 312% 5228 31.6 52.8 30.3 
9 51.9 3122 53-8 31.2 53-2 31.1 
10 52.8 312% 5204 3ie2 54.3 31.9 
11 53.1 31.1 5320 31.2 53.3 30.6 
12 53-5 314% 53-4 312% 53.5 30.8 
13 53.3 31.2 5322 31.6 54.3 31.0 
14 53.5 31-2 5327 31.8 5524 Sif 
15 5325 315 5325 31.90 53-5 3124 
16 52.9 3122 56 5 31-6 53.8 312% 
if 51.6 31-24% 5iel 31.8 5324 3124 
18 520% 3125 51.3 328 54.0 31-8 
19 53.4 30.8 51.90 31.8 5422 31.8 
20 54.7 30.4 5265 31.9 Le Re 31.6 
21 54.8 30-2 52e2 31.8 53.8 31-1 
22 5565 30.3 5304 31.9 54.0 30.6 
23 53-6 3iel Soe 5 314 53.8 30.7 
24 54.0 30.2 5208 + = $129 5228 31.2 
25 52.8 30.8 5320 31-8 51.8 Sil 
26 53.5 30.8 5228 312% 2 50.9 30.8 
27 5326 31ie1 50.8 31.22 54.0 31.5 
28 54.9 30.8 5228 31.6 53.3 31.4 
29 54.3 30.8 53-5 31.26 53.4% Siise 1 
30 5207 30.4 5326 3126 53-6 3124 
oa 53-4 31-5 54-8 31.6 0.9 0.9 
MEANS 5323 31.0 S2.ek 31.6 53.4 31-2 
OSSVNS. 31 31 31 31 30 30 
MAXIMUM 5525 31.5 Bois & 32.8 5564 31.8 
MINT MUM 51.6 30.2 50-8 31.0 51.8 30.3 


STO.BEV. 90 239 1-02 33 e71 oof 


Ly 


130 38 O04 W 


BONILLA ISLAND 53 239 39 N 
OCTOBER 
DATE TEMP SAL 
1 532% 31.4% 
2 5202 3124 
3 522% 31.6 
fe 5202 311 
5 51.9 31.0 
6 49.8 31.0 
7 50.0 30.7 
8 50.8 31-1 
9 50.9 31.4 
10 51.2 31.4% 
a4 51.7 31.8 
Lie 50.5 31.0 
13 49.6 31-5 
14 49.7 3125 
15 46.9 3iel 
16 48.8 314% 
a7: &9.3 31-5 
18 49.5 31ie2 
19 4928 31.2 
20 &9.0 30.8 
21 GBe2 31.0 
22 48.0 30.7 
23 48.8 31.8 
24 493.2 31.2 
25 &8e2 30.7 
26 ;ieSe7t . * Bid 
“eds 50.90 31.2 
28 50.2 31.9 
29 &9.8 31.9 
30 48.8 31.5 
31 48.4% 31.2 
MEANS 59.90 31.2 
OBSVNS. 30 30 
YRLY eMEANS « «© oie 0.0.3 0 0.6 6 © 0 ate ofn.e 6 © 6 0 O10 66,6 0 0 6 0 0 6 016 0.040 
MAXIMUM 53-4 31.8 
MINIMUM 48.0 30.7 


STO.DEV. 1.38 230 


NOVEMBER 
TEMP SAL 
G77 31.2 
47.5 31.0 
4502 31.2 
44.5 31.0 
44.0 31.1 
43.8 31.1 
43.7 Siel 
44.8 31.9 
4.5 30.2 
44.7 30.7 
45.0 30.4 
43.7 31.0 
43.0 31.1 
43.0 31.1 
44.3 30-7 
B3e2 30.6 
43.0 30.6 
42.5 30.6 
&3e2 * 30.4% 
438 30.3 
43.2 30.6 
44.0 31ie1 
43.8 30.3 
44.2 30.4% 
44.5 30.7 
4s 30.7 
44.8 30.7 
44.7 30.6 
44.0 30-8 
4306 30.7 

0.0 0.90 
Ghee 30.8 
2g 29 
G77 312 
42.5 30.2 
Lip 30 


DECEMBER 
TEMP SAL 
43.9 31.0 
4a. 31.0 
44.8 31.9 
45.0 31.0 
45.0 30.7 
44.5 31.9 
44.6 30.7 
44.6 30.4% 
G45 302% 
45.0 31.0 
44.2 30.7 
44.4 31.22 
44.0 31.2 
&4.8 31-9 
44.5 31.0 
44.5 30.7 
43-8 Sif 
&4.% 31.9 
45.0 31.0 
&5e1 30-7 
44.8 30.7 
43.2 31.4% 
44.5 31.2 
43.8 30.8 
44.5 31.90 
&3.8 31.2 
43.3 30.8 
43.3 Si. 
G&3.5 30.6 
43.2 30.8 
41.5 30 0% 
44.2 30.9 

28 28 
48.0 31.1 
&5el1 31.4 
61.5 30.4% 

80 226 


1973 
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MCINNES ISLAND Se 15 GSN 128 43 10 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
Ff 4502 Siel 4uee 30.6 42.8 29-8 
2 43.2 30.8 204 30.90 43.90 30.3 
3 G2el 30.9 42.4% 30.4 &3.1 30.4% 
& 42.0 30.0 42.0 30-3 &3.2 30.3 
5 41.0 2924 41.7 30.4% 42.9 30.0 
6 &1Lel 2967 GLie€ 29-8 43.0 29.9 
is 41.4 30.0 G17 29.9 43.2 30.2 
8 41.1 299 42.0 30.4% &3.2 30.8 
9 42.0 39.4 &2e0 30.4 43.2 30.6 
10 41.5 30.3 G1.8 30.2 43.90 30.7 
11 &2el 30.3 42.0 30.3 43.0 30.3 
12 %2.9 30.4 G15 30.3 & 3.2% 30.4 
13 43.0 30.4 41.8 30.3 42.9 30.3 
14% &3el 30 0% %2.0 30.4% 4326 30.6 
4 i) 44.6 31.2 42e€ 30.4% 43.0 30.3 
16 43.0 30-7 44.0 30.8 43.9 30.8 
Sd & 3.6 31.2 44.0 30.4 43.5 30.7 
18 43.8 30.8 &3.0 30.4% &3-.5 30.7 
19 4205 306 43.0 30.3 G3e7 30.8 
20 44.2 31.0 43.0 30.3 43.5 30.8 
24 43.6 30-7 43.0 30.4% 43.6 30.90 
22 44.5 30.7 42.9 30.0 43.8 30.3 
23 44.9 30.6 G2.9 30.90 &326 30.4 
24 G31 30.7 4206 a 4950 44.3 30.6 
de &2e2 29.9 42.E 29-5 43.8 30.0 
26 40.5 28.6 G2e7 30.9 &325 293.9 
7 a 41.8 2961 43.1 30.9 4&3.8 30.3 
28 41.3 2826 4209 30.4 43.9 30.2 
29 41.8 28.9 0.0 0.9 43.9 30.6 
30 G22 29-5 0.0 0.0 43.9 30.4 
31 42.6 29.7 0.0 0.0 44.0 30.7 
MEANS . &2.6 30-2 42.5 30.2 G34 30.4% 
OBSVNS. $i 31 28 28 31 31 
MAXIMUM 4502 31.2 44.2 30.8 44.3 30.8 


MINIT MUM 40.5 2826 41.5 ee eee 42.8 Gite o 


STO.DEV. 1.23 ef2 Pa A 028 e490 30 
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MCINNES ISLAND 52 15 48 N 128 43 10 W 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 43.9 30-6 46.7 30.3 50.6 29.9 
2 44&el 30.23 46e7 30.6 eo 30.4 
3 44.5 31.0 47.5 30.7 50.0 30.7 
& 44.0 30.4% 47.8 30.0 49.6 30.8 
5 44.4 30.3 47Le2 302% 49.0 30.8 
6 45.0 30.0 47% 30.8 49.1 % So EP 
if 45.3 29.9 46.6 30.7 49.2 31.1 
8 44.8 30.3 46.5 31.9 48.9 30.8 
9 45.7 29-8 46.0 30.7 49.3 30.8 
10 45.4% 29.8 4628 31.90 50.9 30.% 
11 45.9 30.0 46.3 30.7 49.8 30.0 
12 44.6 30.3 46.8 30.8 50.8 28.9 
13 45.5 30.3 48.7 29.9 51.0 29.0 
14 45.3 30.6 51.4 28-1 52.9 26.5 
15 44.9 30.3 50.0 29e1 52-8 28.0 
16 4.7 30.6 50.2 30.0 53-3 29-1 
17 45.7 30.7 49.2 2927 53.5 29.7 
18 45.7 30.7 48.8 30.3 53.4% 29.9 
19 45.5 30.7 494 3023 54-5 Siei 
20 45.2 30.7 48.5 30.7 542.1 Gitie [ 
21 45.6 30.7 48.4% 30.8 54.6 2744 
ce 46.2 30.8 48.5 30.6 54.8 28-24% 
23 46.2 31.90 47.8 30.6 52.9 28.8 
24 46.3 30.7 G74 30.4% 53.5 29.25 
25 46.1 30.7 48.4 30.0 54.0 29.5 
26 45.7 30.6 49.25 30.2 53.9 C6 5 
27 45.22 30.6 49.3 30.3 52.3 29.5 
28 4526 30.7 49.8 30.3 5229 30.0 
29 46.4% 30.7 5iei 292.8 52.26 30.0 
30 46.8 30.6 50.0 28-9 53.56 231 
31 0.0 0.0 49.7 29-9 0.9 0.0 
MEANS 45.3 30.5 48.3 30.2 52.0 29.6 
OBSVNS. 30 30 31 3i 30 30 
MAXIMUM 46.8 31.90 51-4 31.0 54.8 31st 
MINIMUM 43.9 29.8 46.0 28el 48.9 26-5 


STD.DEV. re .33 hts 65 267 1.95 1.17 
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MCINNES ISLAND 52 15 48 N 128 43 10 W 
JULY AUGUST SCPIERSER Tiers 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 53.3 29-7 53.0 31.0 53.8 3122 
2 52-0 30.2 58.3 31.4 54e% 31.0 
3 53.0 30.6 54ek 31.0 53.3 30.8 
ty 53e1 30.6 54.6 31.0 55.4% 31.1 
5 5322 30.7 58.8 3iet 5429 31.1 
6 52.8 29.7 5729 31.1 54.6 31.1 
7 5302 30.90 5729 31.0 5428 31.0 
8 54.4 28-1 She bs 31.5 54.2 31.1 
9 53.1 29-8 54.7 30.3 54.5 30.8 
10 5364 29.5 5423 30.6 55.7 3122 
12 53.9 30.3 5607 30.7 552% 30.7 
12 5362 30.4% 577 30.4 5622 30.2 
13 55e1 30.2 5524 30.7 55.8 30.0 
14 5503 31-2 5463 30% 5502 28.5 
15 55.9 30-6 54.5 30 0% 57el 28.6 
16 53.6 30.3 5722 31.0 56.5 2822 
17 53.7 29-7 55 26 30.4 5522 28.6 
18 53-8 29.7 5723 30.6 54.5 2924 
19 53.0 30.2 57.20 3002 5561 28.5 
20 52.7 30.3 55 ek 30.4 5602 28.3 
rant 5225 29-9 57.20 30.4% 54-1 28-5 
ee 53.3 30.4 55.8 31.0 54.2 29-1 
23 52-5 30.0 56-3 30.8 54.5 30.4 
24 5426 2965 550 E — 30-8 54.6 30.2 
Zo 5326 29.5 5526 30 4% 54.0 30.0 
26 550% 2904 5502 30.6 53-8 311 
27 56-5 28.2 53.8 30.8 53.5 30.7 
28 5526 2927 5429 30 0% 53-0 30.4% 
29 55.8 29-95 53.9 30.7 52.7 30.6 
30 5561 29-9 54.0 30.4 5320 30.4 
31 55.0 30.4% 5425 30.8 0.0 0.90 
MEANS 53-9 2929 55-8 30.7 5467 30.1 
OBSVNS. 31 31 31 31 30 30 
MAXIMUM 56-5 31.2 58.8 31.5 5721 Sl a 
MINI MUM 5220 28 e1 53.0 3022 5207 2822 


STO.DEV. 1.14 265 1.53 33 1.08 1.02 


fai 


MCINNES ISLAND SZ 115-86 °N 128 43 10 W 
OCTOBER NOVEMBER 
DATE TEMP SAL TEMP SAL 
1 53.6 28e1 47.6 2907 
2 52-8 28.6 4601 28.9 
3 52.29 2929 44.8 2828 
“4 51.9 30.0 44.6 2923 
5 51.9 2907 4Ue2 29.3 
6 5223 2923 4.7 2927 
e 52.0 276% 44.5 29-8 
8 50.8 2428 4&4. 29-8 
9 50.2 24.8 44.2 30-2 
10 51.5 29-5 44.3 30.3 
ie 51.8 30.3 44.5 30.90 
12 51.6 30.2 44.5 29.20 
13 51.1 30.6 LY 29.0 
14 50.8 30.0 4Gue2 30.3 
15 51.0 30.0 4&4. 3 30.6 
16 50.5 29.8 44.2 30.6 
17 50.5 30.0 GGei 30.7 
18 50.0 2929 43.9 30.6 
13 50.3 30.3 G3. 8 30.4% 
20 49.7 3022 4607 3165 
21 49.7 29.9 45el 31el 
22 49.8 30.6 45.0 30.8 
23 48.8 28.9 45.3 31.2 
2& 48.8 2824 4524 Siel 
25 48.7 29.3 46.0 312% 
26 &9.8 30.3 45e2 31.0 
27 49.8 30.8 4624 31.8 
28 &9.3 30.3 45.8 316 
29 49.9 31iei 45e2 31-2 
30 &9.90 30.8 44. 3 31.0 
C1 484 30.2 0.0 0.0 
MEANS 50.6 2925 44.9 30.4 
OBSVNS. 31 31 30 30 
TREY = MEANS © 0b «seb 0''o.0 0008 Sees cece na eseeaucece secs ceses€ 
MAXIMUM 5326 Sit 47.6 31.8 
MINIMUM 48.4% 24.8 43.8 28-8 


STO.OEV. 1.38 1.51 091 87 


DECEMBER 
TEMP SAL 
44.0 30.7 
44.2 30.8 
45e1 31.1 
G5Se.1 31.2% 
44.9 311 
45.2 3105 
44.8 31.5 
G4e7 S11 
GGU.4& 31.1 
&4.6 30.8 
43.8 30.7 
43.9 30.8 
&&.3 30.8 
W477 31.4% 
44.8 31.9 
43.9 30.7 
&3e1 30.0 
G31 3022 
43.8 30.7 
&4.5 31.i 
&3.3 30.3 
43.0 30.0 
% 3.22 30.2 
&5e2 31.4% 
64.9 31.1 
43.6 30 0% 
&3e2 30.3 
4306 30.4% 
%3.8 30.7 
4209 30.3 
42.4 30.9 
Buel 30.8 

$1 34 
48.2 3022 
45.2 Sieo 
4204 30.0 

79 046 


191s 


ae 


CAPE ST JAMES Sr oa ITOCN 131 00 50 W 
JANUARY FEBRUARY MARCH 1973 
DATE ron SAL TEMP SAL TEMP SAL 
1 45.0 * 0.0 44.6 * 0.90 4uel * G 020 
2 &5.0 * 0.0 44.& * 0.0 44.9 * £Us0 
3 &4eh * 0.0 44.5 * 0.0 45.3 * £080 
% “Gel + se 44.5 *. 020 4502 * 0.9 
5 44.2 *¥ 0.0 GUe& * 0.0 45.2 * 0.0 
6 44.2 ¥ “48 44.5 ¥ Ws0 450% * 0.0 
i 44.6 * 0.0 4h e5 ¥ 0.0 45.4 * #020 
8 G4e4 * 0.9 G&.5 * 0.0 45.5 * Poso 
 ] 44.6 * 0.0 4G.7 * 0.0 45.3 * 0.0 
10 G45 * ae 44.6 * 0.0 4522 * 0.0 
11 452 * 9.0 44.6 * 0.9 4502 * o5 36 
12 &5el * 0.0 44.2 * 0.0 * 45.2 * 2850 
13 £409 * 0.0 4&1 * 0.0 45.2 * eed 
14 45e1 * 0.0 44.3 * 0.0 * 4522 e eeu 
15 44.8 * 0.0 4GUe4 * 0.0 4522 * 0.0 
16 * 45.0 * 0.0 44.7 * 0.0 44.6 * eo sd 
Li? &5el * 0.0 44.8 + 0.0 44.6 * 0.0 
18 44.9 * 0.0 4501 * 0.9 45eil ¥ 0.0 
19 45.0 * “O50 45.0 * Mee 45-7 *¥ 0.9 
20 &5el Sede 44.8 * 9.9 45.6 * Pro's U 
21 45.9 * 0.0 45.0 * 0.90 4622 * 0.0 
22 G5e2 * 0.9 * 45.0 * 0.9 4620 * E20 
23 &5e1 *¥ 0.90 45.0 ¥ Wad 45.8 * 0.0 
24 44.5 * 0.0 44.9 ¥ Dies 4504 * Paed 
25 44.4 * 0.0 * 4&.8 *¥ 0.0 4526 * 0.0 
26 44.6 * 0.0 44.8 * 0.9 G54 * 0.0 
27 44.5 * 0.0 44.9 * Dyed 45.3 * 0.0 
28 44.6 * 0.0 44.9 * 0.0 * 45.2% * FO su 
29 44.5 * 0.0 0.0 * 0.0 45.6 * 170 30 
30 444 * 90.0 0.0 *- 90.0 45.5 * PUG 
31 44.4 * 0.0 0.0 * 0.9 45.6 *¥ 0.0 
MEANS G&4.7 0.0 4 o6 0.0 &5.3 0.0 
OBSVNS. 30 0 26 0 28 0 
MAXIMUM 4502 0.0 &5ei1 0.0 4602 0.0 
MINIMUM GGe1 0.0 4Gel 0.0 &4.6 0.0 


STO.DEV. e 34 0.00 027 0.00 0 37 0.00 


pas | 


CAPE ST JAMES 51 56 18 N 131 00 50 W 
APRIL MAY JUNE 19735 
DATE TEMP SAL TEMP SAL FERP SAL 
1 45.8 *¥ 0.0 4602 * 0.0 477 * F020 
rs 452 * 0.0 46e1 ¥ 0.0 48.3 *¥ 0.9 
3 4525 * 0.0 4Oe7 * 20 48.2 * ee 
4 45.7 *¥ 0.0 460% * 0.0 47.7 ¥ 0.0 
5 46.2 * 0.0. 4661 ¥ 0.9 G74 ew 
6 47.90 * 0.0 472% * 0.90 48.7 * 0.0 
7 464 * 0.9 45.7 ~ Bet 48.0 *¥ 0.0 
8 45.4% * £20 46.2 * 0.9 47.7 ~ Fos 
i] &6e1 * 6.0 4602 * 0.0 48.2 ¥ 0.0 
10 45.7 * eu 4607 ¥ 0.0 49.7 * 90-0 
11 * 46.0 * 0.0 4Oo7 * 0.0 * 48.6 * 3570 
a2 46.2 * 0.0 4625 ~ (tao G7e% * Seu 
13 4602 * 0.0 46e7 ¥ We 48.5 * £009 
14 45.8 ~ e9 &5.3 * 0.0 48.8 * 0.0 
15 4565 * 0.0 47.4 * Ost 48.0 * FG<0 
16 45.8 * 0.0 &B.2 © Gag %9.7 * £020 
PT 45.9 pam Ure | G7.7 * 0.0 48.8 * 620 
18 46-0 * 0.0 46.7 * 0.0 &Bo& * O9<0 
19 46.3 * 0.0 472 *. Ost 49.5 * #0-8 
20 46.2 * @20 &8.9 * 0.9 49.9 * 0-0 
21 &602 * 0.0 4&7 24 * 0.0 49.6 ¥ £920 
“as 4602 * 0.0 G7e7? * 0.0 49.8 * Bee 
23 46-5 * 6Be0 46.9 * 0.0 * 4922 * tues 
24 46.8 * 0.0 * 47.4% pam Psi 48.6 * 2020 
25 * 4529 * 0.0 47.9 *. B20 &8.6 ¥ £2.18 
26 45.0 * 0.0 4725 ¥ 0.96 48.6 * eeu 
a7 45.3 * 0.0 4629 » 0.0 &9.3 * 60-8 
28 45% * 9.0 * 47.3 ©) one * 49.8 * S20 
oN, 46.5 * 0.0 47.7 * Pe¥ 50.2 pe ICE! 
30 46.8 * 0.0 47.3 * 0.0 4945 * 89.0 
31 0.0 0.0 &7e2 * 0.0 0.9 0.9 
MEANS 46.0 0.0 46.9 0.0 48.7 0.0 
OBSVNS. 28 0 fase) 0 ad iu 
MAXIMUM &7.0 0.0 4Be2 0-9 59-2 0.90 
MINT HUM 45.90 0.0 45.23 0.0 G74 0.90 


STO.DEV. 051 0.00 ere 0.00 e 82 0.90 


24 


CAPE ST JAMES 51 56 18YN 131 00 50 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 * 49.4% * 0.0 53.0 * O69 53.7 * 0.0 
2 89.4 * 0.0 bee 5 * 0.9 5226 * 0.0 
3 48.8 * 0.0 rp 2u6 * 0.0 53.3 * 0.0 
fy 492% * .Ue0 52e€ * 0.0 5301 * 0.0 
> 49.7 * 0.0 53-20 + 0.0 53-2 e EUCV 
6 49.2 * 0.0 S2ec * Unt 53.0 * 80<T 
7 &I94 * 0.0 5208 * 0.9 5209 * 0.0 
8 &9.7 * 0.9 53-6 * 0.9 5322 + 040 
9 51.2 pai, | 5367 * 90.9 51.2 + Oeu 
10 50.9 * Get 54.3 *¥ 0.9 5182 + 90.0 
11 50.5 * 0.0 54.4 *¥ 0.0 49.9 * 2040 
12 50.2 * 0.0 54.3 * 0.0 51.0 * 0.0 
13 50.9 * 0.0 53-5 * 90.9 51.5 * © O00 
14 51.2 + Us 53-5 *¥ 9.9 50.6 * Pet 
15 51.3 ¥ Bet 5328 * 0.0 51.8 * 0.0 
16 53-1 * O20 53.7 *¥ 0.0 51-0 * 0.0 
Pa 53.3 * 0.9 54e1 + O29 51.3 * 0.9 
i868 S207 *¥ 0.0 54.8 * 0.9 51.8 ¥ 8020 
19 5226 * 0.0 5429 * 0.0 51.8 pa 
20 5226 * 0.0 54.7 * 0.0 51.8 ¥ 0.90 
| 51-4 *¥ 0.0 eS BP | * O29 51.5 + FD. D 
22 S3e1 * 0.0 5565 * 0.0 50.3 ¥ 9 Be 
23 5225 * 0.0 5522 * 9.0 51.9 ~ Oe: . 
2u 5228 * 0.0 53.7 + 0.0 49.9 * 6.0 
25 5228 * 0.0 53-5 * 0.0 49.9 * “0.9 
26 S209 * 0.0 5224 * 0.0 49.6 + OMai0 
27 53.0 * 0.0 5268 * 06.9 49.3 * 6.0 
28 53.0 * Daid 5563 + Qa9 49.7 * 0.0 
29 5229 ¥ Dad 54.7 ¥ 0.0 &9.5 ¥ 0.90 
30 52-8 * 0.0 5423 *  Be9 49.9 * ded 
31 5224 = 0.0 S4el * 0.0 0.0 0.0 
MEANS 51-5 0.0 53.8 0.90 5124 0.9 
OBSVNS. 30 0 29 0 30 tt) 
MAXIMUM 53.3 0.0 55-5 0.0 53.7 0.90 
MINIMUM 468.8 0.0 5202 0.90 49.3 0.90 


STO.DEV. 1.48 0.00 292 0.00 1.32 0.90 


ae 


CAPE ST JAMES Si 56 16_N 131 00 50 W 
OCTOSER NOVEMBER DECEMBER L975 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 G9.7 ~ Gied 47.1 * 0.0 44.8 * 0.0 
2 50.8 * 0.0 47.6 *¥ 0.0 454% * 48.8 
3 49.6 ¥. Gus ¥ 4722 * TO eU &5.0 ¥ gts 
& 49.6 Ge U 46.7 * 0.0 45.3 © ke 
Me 49.9 * 0-0. &7e1 * 0.0 * 45.1 * 0.0 
6 49.7 * 0.0 46.6 *¥ 0.9 44.9 * 0.0 
7 50.2 ¥ 0.9 46.5 * 0.0 44.7 e G@usy 
8 51.2 * 0.0 46.0 ¥* 0.9 45.9 ees 
50.5 * 0.0 45.7 * 0.9 45.1 + ged 
10 50.3 * Goeu * 45.8 * 0.0 44.8 * 0.0 
11 49.6 * 0.0 45.8 * 0.0 852.4% * 0.9 
» 49.5 * 0.90 45.7 * 0.0 45el * 0.0 
13 50.4 eae rt et 45.6 eae 44.9 * eeu 
14% 49.8 * 0.0 45e7 * 0.0 44.8 ¥ 90.0 
Lo * 49el Si VEueG 4507 * 0.0 *¥ 44.9 © 40 20 
16 4B * 0.0 45.2 * 0.0 45.0 * 0.90 
17 48.3 * 0.0 4565 * 0.0 4.8 * esd 
18 4725 *¥ 0.0 4526 * 0.0 44.9 ¥ £U6D 
19 47.8 s ged 4YOol * 0.0 * 45el pa 
20 47.5 oEAe O 4722 * [ued 45.3 *: ele U 
fedin | 47.2 * 0.0 * 46.4% eo 40 G 45.4 * gel 
22 47.9 * 0.9 4526 vee * 45.7 7 aie G 
23 &7.2 * 0.90 4524 yee 46.0 ¥ ete G 
24 &722 * 0.0 * 45.4% * 0.0 4502 * gue” 
eo 47.3 * 9.90 45.3 * 0.0 &5.5 * mused 
26 &724% *) SU's O GS.% * 0.0 45.7 ae ee 
27 725 * 0.0 45.5 * 0.0 45.5 © mee 
28 &7.3 * 0.9 4502 * 0.0 &5.% ees 
ao &6.8 * 0.0 44.9 * 0.9 45.8 * 0.9 
30 47.3 * 0.0 * 44.8 * Sie 7 4526 * eeu 
$1 47.7 * 0.0 0.9 0.0 G5e7 * 2u59 
MEANS 4Be7 0.0 46.0 0.0 45.2 0.0 
OBSVNS. 30 0 25 0 27 0 
VRLY MEANS cccccc cence ecceneeceeaeeceaneeneseeneeceeccooe 47.8 0.9 
MAXIMUM 51.2 0.0 47.26 0.0 46.9 0.9 
MINIMUM 46.8 0.0 84.9 0.0 44.7 0.9 


STO.DEV. 1.37 0.00 0 7G 0.00 e 36 0.00 
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EGG ISLAND OL BS UG WN 127 49 53 W 


JANUARY FEBRUARY MARCH 1973 

DATE TEMP SAL TEMF SAL TEMP SAL 

i 44.1 31.9 42.9 31.5 beet 31.4% 

4 43.3 31-5 43.E 31.2 &4.0 31.4 

t Gie7 31.5 461.9 31.2 45.0 31.4 

4 %2.2 31.5 42.5 31-5 &4&.7 31.4% 

5 41.26 3124 42e% 31.5 44.2 31.6 

6 41.5 31.9 &1.0 31-5 b&.5 31.26 

7 41.5 31.4 42.° 31.0 44.5 31.6 

8 41.6 31.2 42.9 31.22 &4.5 31.6 

| *¥ 42.0 * 31.25 42-5 31.2 44.5 31.6 

19 &2.5 31.8 42.3 31-2 &Leb 31.6 

11 43.8 31.9 42e1 31.2 44.3 31.4% 

12 44.2 31.6 41.2 3125 43.5 31.6 

13 &4.0 31.26 * 42.5 * Sis 43.0 31.6 

14 44.2 316 43.8 Siel 44.5 31.4 

15 Guei 314 43.5 Si w% &4&,0 31.4 

16 44.3 31.4 “Gel 311 44,3 314% 

17 44.5 31.6 44.0 31.6 43.9 312 

18 &4.8 31.4 43.6 31.5 &3.7 31.5 

19 G3e7 31.6 44.0 31.6 Buel 31.6 

20 44.2 31.6 43.4 31.6 44.8 31.4 

21 &Uei 316 G3.9 31.6 44.8 31.6 

22 G38 31-4 G4&ei 31.4% 45e1 31.4% 

23 G4e2 3124 44.3 - 31% &&.8 31iet 

24 &3e2 31.22 G4 .8 31.2 45.6 31.0 

ao &2e1 3027 45.0 31.4% &4.4 31.4 

26 41.5 31.1 44.6 3ie1 &&e7 $11 

27 42.6 31.2 G4e2 31.4% 44.6 3124 

28 43.5 31.4 44.6 31.6 44.2 31.4% 

29 &2.9 31.22 0.0 0.0 G44 3124 

30 43.5 31-5 0.0 0.0 44.6 31.4% 

31 &3e1 31.5 0.0 0.0 44.7 31.6 

MEANS 43.2 31.5 43.3 31.4% 4&4 314% 
OBSVNS. 39 30 27 27 31 31 
MAXIMUM 44.8 31-9 45.0 31.6 4526 3126 
MINIMUM 41.5 30.7 41.9 31.0 43.0 31.0 


STO.DEV. 1.06 e25 1-08 019 049 216 
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FGG ISLAND 51 15 06 N 127 49 53 WwW 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 45.5 31.5 48.9 30.2 50.6 29.5 
2 44 05 3101 49.2 30.0 51.2 29.0 
3 45.0 31.4 50.9 29.7 5204 29.9 
& 44.0 30.8 50.1 30.6 50.3 30.3 
5 44et 30.8 47.5 30.3 50.6 29.4 
6 45.65 31.0 47.8 30.8 50.5 30.7 
7 46.0 34.2 4609 31.9 50.4 30.3 
8 47.7 28.9 47.0 31.4% 50.0 3004 
9 48.8 29.0 46.8 31.0 48.9 30.4 
10 47.0 28.2 4602 31.2 51.9 28.6 
ct 45.5 31.0 4702 29.7 51.0 30.4 
12 4Sot 31.1 48.6 29.7 49.8 31.6 
13 bbe 3.2 5102 30.3 49.4 31.5 
14 46.0 Sic fe 51.9 30.2 49.9 31.6 
15 45.9 3102 51.6 28.9 * 51.3 * 30.9 
16 45.9 341.5 53.2 29.7 * 52.8 © 3061 
17 45.6 31.5 49.4 30.0 54.3 29.4 
18 4506 34.2 50.6 30.3 52.2 30.7 
19 ¥ 4506 * 31eol 50.4 29.5 53.6 30.3 
20 * 45.7 * 30.9 50.2 30.3 S601 28.9 
24 45.8 30.8 47 66 29.9 53.8 27.3 
22 46.9 30.7 48.5 30.6 55.3 26.5 
23 48.2 30.6 48.3 30.8 53.6 27.48 
24 49.3 30.8 46.9 31.1 5206 29.4 
25 47.8 30.8 4607 31.2 54.4 2801 
26 4602 3 Dee Z 4Be2 29.9 Sue 27.8 
27 45.8 31.0 50.4% 29.5 54.8 2801 
28 4604 31.0 51.3 29.4 54.3 28.6 
29 48.5 30.3 51st 28.8 53.2 28.9 
30 48.7 30.6 51.8 2861 50.8 30.8 
31 0.0 0.0 49.9 30.2 0.0 0.0 
MEANS 46.3 30.8 49.2 3004 5201 29.5 
OBSVNS. 28 28 31 34 28 28 
MAXIMUM 49.3 31.5 53.2 31.4 56614 31.6 
MINIMUM 44.0 28.2 46.2 28.1 48.9 26.5 


STO.DEV. 1.%3 79 1.90 76 2202 1.33 
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EGG ISLAND 51 15 06 N 127 49 53 W 
JULY AUGUST SEPTEMBER 1975 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 5322 27 ol 58.3 29.3 52e1 30.7 
2 54.9 28.9 59-6 29.3 5202 30.6 
3 5502 2861 5728 29-8 54.3 2928 
ty 54.4% 28.4% 5629 29.3 S2e1 31.1 
» 53.6 2728 53.7 29.1 52.2 30.3 
6 52.6 29-1 5209 30.2 50.7 31.5 
7 ¥* 5462 ¥ 28.4% 53-9 29.9 52-2 31.0 
8 55.9 27.28 5721 2925 50.4 31.6 
i 55-1 26.9 5562 30.0 50.2 31.9 
10 52.9 27.8 * 56.0 * 302 51.6 31.8 
14 54.6 281 5608 30.3 51.3 31.5 
V2 5501 28.1 5602 30-8 5226 31.0 
13 54.9 28-6 54.2 2929 53.2 31.1 
14 5326 292% 57.0 real pal 51.3 31.2 
15 5208 29.9 54.8 2829 53.8 31.0 
16 51-4 31.0 55'e 1 29e1 55.3 30.8 
17 5502 27 8 5602 29-8 55.1 30.0 
18 55.90 30.0 562% 29.3 S31 32.0 
19 560% 30.6 5729 30.90 5228 31.8 
20 54.4% 30.6 55 a1 29-8 56-1 30.2 
21 55.0 29-4 55-5 2726 51.3 31.5 
22 58% 2842 5524 28-6 51.4 31.5 
23 5602 28 ei 56.5 28 o1 51.3 31.5 
24 556k 2726 5567 Clear 51.1 31-5 
25 52.7 29.7 57.8 28.4% %9.6 31.9 
26 5T7e% 277 56<2 28.5 49.3 31.9 
27 57e1 2667 5520 290% 5262 31.8 
28 58.4% 2724 51.3 31.8 50.8 30.6 
29 58.6 277 52.9 31.2 51.3 31.8 
30 57.8 29.0 5304 31.2 51.4% 26-9 
31 5726 30.90 53.6 30.2 0.0 0.0 
MEANS 5562 2826 5526 2965 S2e1 Sit 
OBSVNS. 30 30 30 30 30 30 
MAXIMUM 58.6 31.0 59.6 31.8 Sees 32.20 
MINT MUM 512% 26-5 51.3 2726 49.3 2629 


STO.DEV. 1-91 1.18 1.86 1.04 1-61 e939 


VREY cMEANSceeccesee serene sesecesecoceccnecenvecneecneecesees 


EGG ISLAND 51 15 06 N 
OCTOBER 
DATE TEMP SAL 
if 51.4% 30.4 
2 Sit 2901 
3 51.9 30.7 
by &9.6 30.6 
5 &9.4 30.8. 
6 48.8 30.6 
7 48.8 290% 
8 49.3 26.9 
9 48.9 26.20 
10 49.6 2707 
nb ® 49.8 28.9 
12 48.7 30.8 
13 LBe4& 30-2 
14% 4Be2 30.2 
15 47.9 30.3 
16 48.6 29-9 
Wig 48.9 31.6 
18 47.9 31.6 
19 &7e% 31.9 
20 &7e2 31.2 
gtd 47.7 31.9 
23 4629 31.8 
24 &7.2 31.8 
25 46.8 32.0 
26 47.0 31.8 
27 4729 32e1 
28 4926 31.9 
29 47.8 31-9 
30 48.3 31.9 
31 47.26 31.6 
MEANS 48.6 30.6 
OBSVNS. 31 od 
MAXIMUM 51.9 Seek 
MINI HUM 46.8 26.0 


STO.DEV. 1.30 1.55 


eo 


127 49 53 W 
NOVEMBER 
TEMP SAL 
4Oe7 3125 
46.2 31.22 
43.3 31.9 
43.1 31-9 
42.8 31.9 
44.3 31.6 
45.3 31.6 
44.8 314% 
44.9 31-6 
45-1 31.6 
4601 31-5 
4509 31.9 
46.0 32.0 
459 3229 
4526 3220 
42e1 31.8 
42.6 31.5 
4G1e2 31.8 
42-26 31-8 
44.9 31.9 
&5.0 31-9 
44.8 320i 
%3.9 32e1 
44.8 3201 
45.23 31.9 
45.2 3109 
4Se.i 3222 
45.0 32 04% 
&5.4 3201 
45.0 32.0 
0.0 0.9 
44.6 31.8 
29 29 
46.7 32.4% 
&1.2 31.90 
1.36 30 


DECEMBER 
TEMP SAL 
43.4% 3126 
44.9 31.8 
45.3 31.9 
44.9 31.9 
64.8 31.9 
&5.0 31.9 
44.8 31.9 
44.9 3201 
44.9 30.8 
GSel 32e1 
G52 31.9 
45.0 31.9 
45.0 $201 
4Sei 31.9 
4406 31.8 
4&.0 31.6 
43.8 31.6 
43.7 31.6 
&&.0 3122 
44.9 $1.2 
45.5 31.2 
&6.0 31-5 
%6.0 31-5 
4Seoil 30.8 
460% 31.8 
44.9 31.2 
43.9 3i.i 
B4e% 31% 
44.0 30.8 
&3.9 31.9 
42.5 31.4 
44.7 31.6 

30 390 
48.3 30.6 
460% 32-1 
4265 30.8 

e 87 40 


1973 
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PINE ISLAND 50 58 33 N 127 43 35 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL reEaP SAL 
1 45.0 30.6 4504 31.1 * &4el * adi wd 
2 GSel 31.4% 4506 31.5 &4e2 31.2 
3 45.0 31.2 44.0 314% 4.2 Sil 
ty, &5el 31-6 43.8 312% 4&.6 31.4 
5 44.9 31.2 44.4 31-2 GYY 31-4 
6 44.9 Shoe 44.2 31-2 44.6 31.4 
7 * 44.9 * 31.2 4 31.2 44.2 31.2 
8 &4.9 31.2 44.0 31.2 44.2 31.2 
9 G4.9 31.2 G&Le2 31.4 G4 31.4% 
10 * 90.0 +2 LOG 0 44.4 31.2 44.6 312% 
11 ¥5 7020 * 90.0 44.4% 3122 44.8 31.4 
12 * 0.0 * 7? 2068 43.8 3122 &&.0 31.2 
13 45e1 31.6 * &3.8 +o 3d we 4&4. 1 31.22 
14 45.2 31.0 * 43.9 * 31.3 44.2 31.1 
15 * 4542 *¥ 31.3 43.29 3124 Ye Die 0 ¥ 7a 060 
16 4563 31-6 43-8 310% *werl. 8 ¥o4 0.0 
hig 45.2 31.2 44.0 31-5 * 0.0 * 0.9 
18 44.8 31.2 4ue2 31.5 # 0.0 ¥ on Oe 0 
19 44.8 3122 * 44.3 * 31-4 * 0.0 * 0.0 
20 44.6 31.25 BUY 31.4% Gh. 8 Sif 
21 4h.6 31-5 44.0 Sit 44.9 311 
22 * 44.6 ¥0 She 44.4 312 64.8 311 
23 * 44.6 ¥o S45 43.6 31-2 Geb 31-24% 
2u 44.6 31.5 44.0 arp 3 ery < 44.6 31% 
25 &3.8 31.0 4.2 3$ic2 G&4eJ Sif 
26 44.9 31.2 * U4el ¥ 1515018 44.6 $1.1 
27 &4&.8 31-2 44.9 311 44.6 31% 
28 4502 31.6 44.0 311 * 44.6 * 31.4 
29 4522 30.7 0.0 0.0 * 44.7 * 31.4 
30 4526 30.7 0.0 0.9 44.8 31.24% 
$1 45.6 31.0 0.0 0.90 44.7 314 
MEANS 45.0 31-2 44.2 31.3 44.5 31.3 
OBSVNS. 24 24 24 24 23 23 
MAXIMUM 45.6 31.6 4526 31-5 44.9 310% 
MINIMUM 43.8 30.6 43.6 Sil 44.0 31.1 


STO.DEV. e 36 229 @ 46 el e 28 014 
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PINE ISLAND 50 58 33 N 127 43 35 W 
APRIL MAY JUNE 1973 
DATE Tener SAL TEMP SAL TEMP SAL 
2 * 44.9 * 31.4 4G % 31.6 47.4 32.3 
2 ¥ 4522 +: Seo 46.3 316 47.0 32.0 
3 45.5 31-6 46.7 31.6 47.4% 32-0 
4 45.0 31.6 46Oe3 31-8 47.6 32.0 
5 45.90 31.6) —« GB 32.0 &726 32.0 
6 45.8 31.8 4624 31.9 47.8 32e1 
7 45.8 31.8 * 46.2 * S239 4722 31.9 
8 45.8 31.8 * 45-9 * 32.0 * 47.7 ¥ 4326 
“) +e Ose G 31.8 45.7 3220 48.2 31.8 
10 *¥ 45.4% 31.8 4602 31.9 48.2 31.9 
11 4502 31-8 460% 31.8 48.2 31.9 
re 4522 31.8 46.2 31-9 48.0 31.8 
13 45.6 31.8 47.2 31.6 48.2 31.8 
14 &5.8 31.9 47.3 31.8 &8.0 31.8 
15 45.6 31.8 4606 31.25 48.0 31.8 
16 45.7 31.6 4&B.4 32-0 &B.2 31.9 
=, 45.6 31.6 47.9 31.6 48.0 32-20 
18 45.7 31.9 G76 31.5 48.0 32.0 
bigs 4508 31.9 &7.5 31.8 48.5 $2.23 
20 4526 31.8 47.5 31.8 48% 32.3 
21 45.7 31-9 * 47.26 * F157 * 47.2% ¥ $203 
22 * 46.0 * 31.7 47.8 31.6 * 460% ¥ 3209 
23 L604 31.5 47.8 31-6 45.5 32-3 
24 4602 31.6 47.3 31.8 GBe% 3201 
25 G6.0 31.9 47.0 31.8 48.4% 32.0 
26 46.2 31.8 * 47.0 * 31.8 4728 31.6 
er 45.6 31.9 * 47.0 * 31.28 4805 31.9 
28 45.7 31.6 47.0 31.8 GBe2 31.29 
29 46.0 31.5 4B.4 31.8 48.3 3220 
30 46.3 3125 4B 31.8 4B 326% 
31 0.0 0.0 GBe2 31-8 0.0 0.90 
MEANS 45.7 31.7 47el 31.8 &7.29 32.9 
OBSVNS. a Ai 26 26 fale 27 
MAXIMUM 46.4% 31.9 4Be4 3220 48.5 320% 
MINI MUM 45.0 31-5 45-7 31.5 45.5 31.6 


STO.DEV. e 36 014 e 82 e1i5 0653 219 


oe 


PINE ISLAND 50 58 33 N 127 43 35 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL He F SAL TEMP SAL 
1 * 88.5 * 32.0 49.8 31.6 47.0 32.3 
2 48.6 31.6 49.9 31.6 * 47.4 * S22 
3 48.2 32.0 50.9 31.9 4729 S201 
& 48.0 32-3 50.0 31.9 48.0 sce 
5 GBo2 3263 50.0 31.9 48.0 32.3 
6 *¥ 48.3 ¥ SOee 49e2 31.9 48.3 32.0 
7 * &BY ¥ 32e1 49.0 32.0 4%&8.0 31.8 
8 * 48.5 * Sts9 49e2 31-9 48.5 31.6 
| 48.5 31.8 49.2 32.0 * 48.3 Pooley 
10 4Bo4 31.8 50.2 31.8 * &Bol * Sin9 
5 I 49.0 31.9 49.0 31-9 48.9 32-0 
12 48.0 32.0 49.8 31.9 &728 32.0 
i3 4Be2 32.20 50.2 31.8 49.0 3201 
14% 48.6 31.6 50-4 3129 49.0 S21 
15 49.0 31.9 50.0 32.0 48.5 32.3 
16 G&Be4% 3225 50.22 31.9 49.0 3223 
17 48.6 32-5 50.0 3203 48.5 320% 
18 484% 3205 4924 32.9 48.25 32 04% 
19 * 48.6 * 32.3 * 4967 * 32.4% 48.5 3225 
2 48.8 3201 5020 3207 49.5 32-5 
21 48.8 32el 49.0 3207 51.0 32e1 
22 &9.0 31.5 49.0 3125 51.2 32.10 
23 49.0 31.5 492° 31-6 50.9 32.0 
24 47.7 32.0 &B.0 — 3124 51.8 321 
65 47.8 32.0 49e2 31.5 49.5 $1.9 
26 48.0 32.0 48.5 31-6 48.5 Sif 
27 * 48.5 * 32.0 47.9 31.5 50.6 3129 
28 49.0 31.9 * 47.7 ¥ 3139 50.7 32ei 
he] &8.8 32-0 47.5 3223 50.0 31.5 
30 48.9 32.0 4725 32.23 49.0 31.6 
31 49.8 31.9 47.28 3225 0.0 0.0 
MEANS 48.6 32.0 49.3 31-9 &9e.1 3220 
OBSVNS. 25 eo la 29 Al cM 6 
MAXIMUM 49.8 32.5 5004 32.7 51.8 325 
MINIMUM 47.7 31.5 47.5 31.4% &7.0 Siel 


STO.DEV. 0 48 228 e 87 034 1.24 a3? 
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PINE ISLAND 50 58 33 N 127 43 35 W 
OCTOBER NOVEMBER DECEMBER a3t5 
OATE TEMP SAL TEMP SAL TEMP SAL 
1 49.0 31.6 48.8 31.9 4502 31.6 
2 48.2 32-0 GBe2 32ei1 44.6 31.6 
3 48.5 320 47.5 31.6 46.0 31.9 
&y 49.0 3203 4602 31.8 45.6 31.6 
5 48.5 3201. 45.8 31.8 45.0 31.6 
6 48.9 3207 45.5 31-5 45.8 31.6 
4 4&B.5 32-5 * 45.8 * 31.6 &5.8 314% 
8 4Be2 32-3 46.0 31.6 45.5 31.4% 
9 47.8 325 &5 28 31.9 46.0 31.6 
10 47.7 32.3 456 31.26 &5.5 31.6 
11 47.5 3223 46.0 31.6 45.8 31.9 
{2 47.5 31.9 45-8 31.9 45.25 31.6 
13 K7e2 320% 4602 31.9 45.8 31.6 
14 48.0 33-0 4625 32.0 4603 31.9 
15 472 32-4 46.0 31.9 46.6 30.6 
16 48.5 32.5 4E.5 3201 45.8 Sie 
17 48.0 3225 46.0 31.9 4625 314% 
18 47.8 32.9 4602 31.3 47.0) 3124 
139 48.5 3207 * 45.7 ¥ 32.0 4505 31.6 
20 48.8 3204 4522 3220 46.2 31-1 
21 49o2 3263 4526 31.6 46.0 31.4 
oe 47.5 * Jeec 4565 31.6 &Oe2 3124 
23 &8e7 32.0 45.0 31.5 46.8 31.6 
2& &9.2 3225 46.0 31.9 4&7e2 30.8 
ao 49.0 3129 45.5 31.6 46.0 39.8 
26 * 46.2 * 31.9 45.0 31.5 46.8 31.6 
27 &725 31.9 4505 31.6 46.0 3162 
28 48.5 32.0 45.8 31-9 46.1 31.1 
23 48.7 3207 4602 31.6 4606 Siel 
30 48.0 32.0 4525 31.6 45.5 3iet 
31 48.3 3225 0.0 0.0 46-0 30.8 
MEANS 48.3 3203 46.0 31.8 46.0 3124 
OBSVNS. 30 29 28 28 31 Fe 
YRLV oe MEANS cccccc cc ncecccceneccneccccsnneeveceseesreceseere 46.9 S leit 
MAXIMUM G92 33.0 48.8 32el u7e2 31.9 
MINIMUM 47.2 31.6 &5.0 31.5 44.6 30.6 


STO.DEV. 260 e 33 e 86 oi9 057 0 34 


34 


KAINS ISLAND 50 26 39 N 128 01 47 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 45.3 2928 44.0 27 el &5.5 2824 
2 44.3 2842 42.93 2623 4505 292% 
3 43.3 2828 43.5 2747 45.4% 2924 
4 43.2 28-5 43.0 27 7 4526 29-3 
> 4206 292% 43.0 2848 45.2 29413 
6 &2eil 29.0 43-3 29.90 46.2 29.8 
7 &2.9 29-8 41.26 28 26 4505 2929 
8 41.8 2928 G2eE 28.8 46.0 ae ee) 
9 &2.3 30.0 43-2 29.0 4602 30.3 
10 41.8 2929 42.5 2923 46.0 30.3 
11 G44 30.0 43.9 29.3 4525 30.2 
12 &5e% 3022 4223 29.90 45.5 30.2 
13 4.8 30.0 42-5 29.3 65.% 30.2 
14 45.0 29.0 &4e2 2924 45-8 30.4 
15 Gue7 28.9 44.2 29.5 45.7 292% 
16 &4.8 2901 &5.0 29.8 4505 29.8 
7 KY? 29el 45.20 30.3 44.5 29.3 
18 43.9 260% 44.9 29.3 44.0 30.3 
19 44.8 28-5 44.6 2925 45-8 25.05 
20 4569 2967 44.6 2923 45.0 29-1 
21 44.9 286.4 45.5 2929 4505 29.3 
22 45.0 2923 45.0 2925 4522 2923 
23 4525 2824 4525 29.9 46.5 30.9 
24 4&ei 27-6 454 - 2907 4602 29.8 
a 43.9 26 64 45.9 30.0 4606 29.9 
26 42e% 2726 46.3 30.0 45.5 30.90 
27 43.2 2822 46.0 30.7 45.8 29.9 
28 43.7 2728 44% 28.9 4525 30.0 
abe | ' & 3.2 272 0-9 0.0 4502 29.8 
30 4&0 28.8 0.0 0.0 G&6e1 30.4% 
31 43.5 29.0 0.0 0.0 46.4 29.9 
MEANS 43.9 28.8 GLel 2961 4526 29.8 
OBSVNS. 31 31 28 28 31 3.4 
MAXT MUM 45.5 30.2 46.3 30.7 . 46.6 30.4% 
MINIMUM 41.8 2604 4126 26-3 44.0 28.4% 


STO-DEV. 1-1 1.02 1.29 296 02. 055 046 


ae 


KAINS ISLAND 50) 26, 3Sj N 128 O01 47 W 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 &7.0 29% 48.8 31.1 50.3 31.2 
re 46.6 30.4 49.6 30.7 49.9 31.6 
3 46.7 30.6 49.1 31.9 49.8 31.8 
& 46.7 30.3 49.9 3124 49.2 311 
3 46.4 28.8 49.7 31.2 50.3 31.6 
6 46.28 rs Vey 48.4 31.8 49.2 31.4 
fi &7e1 29.9 48.4 31.2 50.4% 31.4% 
8 &7.4 2907 GGel Sick 49.3 31.5 
9 48.3 30.0 49.4% 29-1 51.1 S12 
10 &9e1 30.0 50-1 29.8 51-8 30.7 
11 48.2 30.2 50-1 30.2 49.8 31.2 
2 47.5 30.4% 512 3022 50.4 31.4% 
13 47.3 30.6 50.4 30.6 50.3 31.2 
14 &7.6 30.8 50.1 31.0 52el 31.0 
15 47.4% 30.6 50.8 31.1 50.9 31.1 
16 &7.7 30.8 50.5 Sif 51.2 315 
ar 47.23 30.8 51-1 31.2 5223 30.3 
18 47.5 30.7 51.0 30.8 51.6 31.4 
19 47.6 30.2 50.7 Sil 5204 30.3 
20 48.0 30.3 50.6 31.5 5223 30.2 
21 48.1 30.6 51-4 31-2 5202 31.2 
22 &8.1 30.4 50.0 311 5223 31-1 
23 &8.4& 30.3 50.5 3122 52-8 31.90 
24 4922 29.9 ie Se 31.22 51.8 31.5 
zs %G8.2 30.3 5201 29-3 52.28 30.6 
26 47.8 31.2 50.4% 29.7 53.6 30.6 
27 484% 30.6 5304 30.7 54.2 31.9 
28 48.7 30.7 51.8 29-5 54.0 31.8 
29 49.2 30.3 5125 30.2 52.8 31.9 
30 48.7 30.4 50.4 30.4 oie 2 31.4% 
$1 0.90 0.0 &9.7 30.6 0.0 0.0 
MEANS 47.8 30-3 50.4 30.7 51.2% 31.2 
OBSVNS. 39 30 31 31 30 30 
MAXIMUM 49.2 31.2 5324 31.8 54.2 31-9 
MINIMUM 464% 28.8 48.4% 2961 4922 30.2 


STO.DEV. 78 048 1-11 268 1.41 °46 
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KAINS ISLAND 50 26 39 N 128 01 47 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
A 50.8 31.9 5562 3223 53.4% 33.9 
2 51.2 31-9 54.8 — 31-9 520% 3228 
3 51.3 31.8 5542 32.0 53.7 32.9 
fe 50.8 31.28 5501 3265 5322 32-5 
a 51.8 31-6 5367 3203 5501 33.0 
6 5204 31.8 536% 32.04% 55.3 3205 
6 52.9 31.5 53.0 3205 5525 32.8 
8 53.6 31.8 54.6 3225 5564 32.5 
9 53-7 31.8 55 el 3208 56.5 3204 
19 5209 32-0 S54 el 3223 57.2 3225 
11 530% 31.6 5229 3201 57e1 ¥ 13208 
12 54.2 31.6 54.7 32 04% 57el 33.0 
13 54.8 31.4% 53.3 328 5524 32 04 
14% 5502 31.5 52.3 3225 55.5 S2eo1 
15 53.8 31.9 50.8 3225 56.1 3228 
16 5225 31.8 51.2 32.7 5604 3205 
17 51.4% 3201 5122 3265 5626 3204 
18 5324 32-4 5206 3229 56.4% S2el 
19 54.4% 32-3 53.6 * “Sate S 5626 3203 
20 53.3 32-3 54.7 3209 5626 3223 
Ca 8 52.8 3263 54.6 ¥ 3209 56-5 3261 
Cd 5228 31-9 5465 32.9 5607 S$2ei1 
23 5325 3220 5567 32-9 5726 32-5 
25 5307 32.90 5562 32.8 5561 32.3 
26 51.22 31.1 55 7 * 32.6 5501 32.3 
27 5226 31-4 54.3 32-5 5529 31-8 
28 53.2 31.9 53.8 3229 5502 3201 
vane 5567 32.90 54e1 3207 54.9 30.7 
30 54.8 32e1 54.0 32.8 54.7 30.4% 
31 55.8 32-0 538 3225 0.0 0.0 
MEANS S3e1 31.9 53.9 32-6 5507 3203 
OBSVNS. $1 314 31 28 30 og 
MAXI MUM 55.8 32 04% 5547 3229 57.6 33.0 
MINIMUM 51.8 31.1 50.8 31.9 5204 30.4 


STO.DEV. 1.38 229 1-30 029 feat 058 


a7 


KAINS ISLAND 50 26 39 .N 126 01 47 W 
OCTOBER NOVEMBER 
DATE TEMP SAL TEMP SAL 
1 54.3 30.6 48.7 292% 
2 53.6 31.2 47.0 295 
3 54.3 31.8 46.8 2967 
& 53.8 31.9 4606 3022 
5 53.6 31.1. 4629 30.3 + 
6 S209 30.4 47.22 30.9 
7 5267 31.9 46.8 30.4% 
8 52.3 31.2 4502 2927 
5209 31.5 46.4 30.2 
19 53.3 31.9 47.0 30.6 
it 53.3 31.9 GBeol 30 6 
12 5267 32.0 477 30.8 
13 52602 2928 4607 30.4 = 
14 520% 30.6 47.0 30.6 
15 51.3 31.5 46.0 30.3 > 
16 51.4 31.2 4602 30.4% 
bet S2ei1 31.6 46.5 30.2 
18 51.5 30.8 45.5 30.2 
Be. 51.5 312% + eB * 30.2 
20 50.8 304% *. 0.0 *¥ 30.2 
21 5iel 30-8 + ae U * 30.3 
ited 50.7 29.8 44.9 30.3 
23 50-39 29-7 &5e2 30.7 
24 50.8 29.9 45.8 30.6 
Zo 50.8 30.3 4603 30.6 
26 51.2 30.2 46.90 30.6 
27 51.4 30.3 46.9 31.0 
28 Ne yd 30.3 45.8 30.3 ng 
ie | 512% 31.9 GL.7 2925 
30 50.5 2826 4501 2945 
31 492% 2862 0.0 0.0 
MEANS 52.0 30.7 46.4 30.2 
OBSVNS. 31 31 Cl § 27 
YRLY eMEANS cccccc cence reece ceeneeesececeseneseesesneecece 
MAXIMUM 54.3 32.0 48.7 31.9 
MINIMUM 49.4 28.2 4&.7 292% 


STO.DEV. 1.23 93 36 044 


DECEMBER 
Tear SAL 
45.7 2923 
46.2 30.3 
46.6 30.4% 
45.5 28.5 
454 28.6 
45.4% 28.8 
454 28.1 
45.8 28-5 
46.2 29.7 
45.9 2924 
G7eol 30.3 
45e2 2923 
45.7 2925 
46.2 29.7 
45e7 291 
4502 2825 
G3.7 24.0 
&&.8 26.7 
4602 2826 
45-8 28e1 
45.4% 277 
46.3 28-2 
&Gol 26.8 
&6.0 29.0 
45.6 2824 
44.9 2728 
GGe1 286% 
44.90 28.3 
43.8 2802 
43.8 28.6 
42.3 2826 
45.4% 28.5 

an 27 
49.2 30.5 
GTel 30.4% 
42.3 2420 

1.06 1.29 


L975 
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AMPHITRITE POINT 48 55 16 N P25 oon kil 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 * 46.2 * 26.4 * 45.4% * 28.0 46.7 29.8 
2 &6.0 2665 45.3 27-8 &Oe4% 29.7 
3 44.8 2502 4403 27 ol 46.9 ACS 
43.7 2620 G44 28.25 47.3 ZO ot 
5 42.7 2546 43.7 27.3 &7.2 271 
6 42.5 2667 43.0 26.7 48.2 28.9 
r é 41.6 26.3 GSoil 2665 G&Be1 28 el 
8 41.3 2623 4h o € 2726 4729 28-5 
a 42.5 28.1 45.0 28.9 47.8 28.6 
10 &3o% 29-0 44.9 2829 47.8 29.4% 
AG 44.2 29.9 44.6 29-1 48.90 29-3 
12 4&7 29.3 4a? 2920 4724 27 ol 
13 &44.9 2825 4hel 29.0 4Te2 2925 
14 G51 28 0% 44.8 28.9 47.5 29.5 
15 4522 2825 4561 29.90 47e4 29.8 
16 45.3 2945 452% Vee ie) 46.8 28.0 
17 45.6 2929 450 30.4 47-0 28.0 
18 44.8 24.24% 4526 2925 46-7 28.9 
19 46.3 30.0 45.8 2927 46.9 29-9 
20 * 46.0 ¥ 12D aa 46.0 2967 47.? 28.8 
7 Hy 45e7 2728 GHel 29.7 47.3 2901 
22 45e4% 2723 458 29 04% &7.3 2923 
23 4524 27-2 463 2903 &7.0 30.0 
24 454% 27.3 4Oe2 | 29.8 47e2 29.8 
25 4526 29.0 4623 29.8 &724 2929 
26 * 44.7 * 28.6 4625 2928 47.6 29.8 
27 &3.8 2822 46.7 30.3 46.9 30.0 
28 mae PSE ¥ Ved 4603 28 04% &7.0 30.0 
AS | >gay | FPP * 0.0 0.0 0.0 47.2 2929 
30 S eet a se PPL 0.0 0.0 4629 28.4 
31 454 28-1 0.9 0.0 &7eol 292% 
MEANS 44.5 2767 45.2 28.9 4703 rks tsb 
OBSVNS. 25 2° 27 af 31 $1 
MAXIMUM 4&6.3 30.0 46.7 30.4 &8.2 30.9 
MINIMUM 41.3 24.4% 43.0 26-5 4604 27 ot 


STO.DEV. 1240 1.51 39 1.08 0 && 0 84 


oo 


AMPHITRITE POINT 48 55 16 N 125 32 17 W 
APRIL MAY JUNE LO ies 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 47.3 28-6 4B.8 31.4% 50.3 321 
2 48.3 29.3 49.3 31.6 51.6 3124 
3 &8e1 29-4 50.4 30.7 52-8 31.2 
hy 4B.4& 2929 51.6 31-2 53.1 31.2 
5 48.6 30.7 5i.1 31.4 51.3 31.9 
6 &9.2 30.4% 48.6 31.6 50.2 2723 
if 49.3 30.6 49.6 29.9 51-1 2826 
8 4922 30.6 &9e1 29-8 50.8 29.3 
49.8 30.2 49.8 312 51.3 28.8 
190 48.9 30.4 50.8 30-2 &9.6 31.4 
11 GBe7 31.90 50.3 29.9 53.3 29.5 
Az 48.3 31.9 51.3 30.2 53-0 jj ##27.6 
13 48.8 30.7 53.1 29.8 52.8 30.8 
14 48.9 30.7 53-26 2967 5361 27.8 
15 49.1 30.7 5324 3027 52-8 28 ol 
16 49.6 29.0 53-0 30.8 53.2 2703 
17 48.8 31-4 5223 31.6 53.7 2728 
18 48.5 2925 50.4 3229 53-8 28.1 
ite 49.6 29.9 4929 32.0 530% 2924 
20 49.4% 2907 50.1 32 0% ’ 56-8 28.4% 
21 49.3 28.9 50.3 31.0 5628 2924 
ce &49e2 31.22 502 30.3 * 395.8 bd Age key 
23 49.2 31.2 49.9 29.3 54.9 29-1 
24 49.0 31-2 50.0 Sit 53-2 2903 
25 50.6 30.6 50.5 30.7 5327 29.8 
26 49-8 2923 50.2 30.8 54.3 30.4 
ef 4B.4% 31.6 50.7 30.8 52-3 31-2 
28 &7.9 31.9 5124 27eol S2e2 31.5 
hyp 4Be4% 31.9 5329 28.9 52.7 31.4 
30 48.7 31.5 50.8 31.9 52-3 31-2 
31 0.9 0.0 50.8 31.8 0.0 0.0 
MEANS 48.9 30.4 50.8 | 30-7 52-8 2907 
OBSVNS. 30 30 31 31 29 29 
MAXIMUM 50.6 31.9 53-9 32 04% 56.8 3201 
MINIMUM 47.3 28-6 48.6 27 ol 49.6 27.3 


STO.DEV. 66 291 1.40 1.09 1.68 1.54 


40 


AMPHITRITE POINT 48 55 16 N 125 32 17 W 
JULY AUGUST SEPTEMBER 2574 
DATE TEMP SAL cee SAL TEMP SAL 
uf 52e3 31.1 5567 312% 5567 31.9 
2 53.1 31.4% 5625 31.8 54.6 31.6 
3 5322 31.5 55.3 31.8 54.3 31.6 
fy 50.9 31-1 54.5 31.5 53.8 31.9 
2 5267 3122 54.6 31.5 54.9 31.8 
6 52.4% 31.0 54.3 31.5 54.8 31.2 
7 54.1 2967 53.3 31.6 5222 31.5 
8 54.2 2928 5424 31-4 53-4 31.8 
54.2 29e1 54.0 31.6 53.4 3129 
10 54.8 30.0 54.3 31.5 5520 31.8 
ae 53-1 30.7 5367 31.6 56.9 31.4 
2 Wd 53.3 30.8 55.0 31.6 5523 31.5 
13 53-7 31.5 55.8 31-6 55-6 31.5 
14 53.4 31.5 56.0 31.6 55.0 31.6 
3 Fey 54.6 31-5 55-8 31.6 5502 31-6 
16 5526 31.8 54.2 31.6 57.0 31.8 
a7 54.3 31.9 54.4% 32.20 56-9 31.5 
18 57.8 31.0 5526 32-90 56-1 31.5 
19 55.8 31.5 5523 31.9 55.0 3124 
20 54.7 | 31-5 5726 31-9 5461 Ai 
21 54.9 31.6 55 26 31.8 53.7 30.6 
me 53.7 31-9 5602 3129 54ei 30.6 
23 558% 32.0 5523 31.8 54.3 Siel 
24 5446 3126 5507. - 31.26 54.9 31.0 
25 5661 Sil 5626 31.6 52.7 31.25 
26 5567 31-5 5529 31-5 53.4% 30.7 
27 56.9 31.8 5502 31.6 53.6 29.8 
28 55.3 31-26 50.3 30.0 5422 30.9 
29 54.3 31.4% 5523 31.0 54.6 30.3 
390 55.0 31.5 56.4% 312% 5464 30.6 
31 5726 3ief 5507 31.8 0.0 0.0 
MEANS 5464 31.2 5501 31.6 54.6 31.2 
OBSVNS. 31 31 31 31 39 30 
MAXIMUM 57.8 32.0 5726 32.9 57-0 31.9 
MINIMUM 50.9 2961 50.3 30.0 5202 2908 


STO.DEV. 1.53 e69 1.30 ° 36 1.16 63 
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AMPHITRITE POINT 4&8 55 16 N 125 32 17 W 
OCTOSER NOVEMBER DECEMBER i97s 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 54.6 30.4% 50.2 2607 48.3 291 
2 55.0 30.3 48.9 2939 48.8 292% 
3 5562 3026 47.6 19.5 49.6 30.3 
hy 54.6 30.4% * 474 * 23-2 49.1 30.2 
5 SSe1 30-6 ' 4723 2609 474% 2629 
6 54.0 30.8 47.8 28.9 48.9 28.8 
8 527 2927 4607 27-8 47.7 2667 
9 52.7 30.8 4803 29-3 4607 2625 
10 53.1 2903 4Boal 30 0% G7e1 elel 
11 52.7 29.7 4&9e1 28.9 * 47.5 * 27.4% 
12 51-2 30.4% 494 30.9 * 47.9 ba 4 oY 
13 51.3 30.0 48.9 29.9 48.3 28.0 
14 51.7 30.3 48.8 29.0 &8.7 28e1 
15 51.3 30.90 49.5 29.5 * 48.4% ¥ 28.2 
16 51.8 30.8 49.9 2924 %&8.2 2842 
17 51.7 29.5 4Be4 28.9 48.1 28.9 
18 51.2 2504 47.3 28.90 G7e1 24.28 
19 51.0 29.0% 4526 28-1 47.8 25-9 
20 51.0 27.6. * 47.4 * 2Bs0 49.3 2728 
2i 5Sie1 27.8 &9.0 29.9 48.3 27.3 
ce 50.9 28.28 46.6 27 el 48.0 26-5 
23 50.8 29.0 47.8 29.0 48.3 2761 
24 51.0 29.5 48.6 29.8 48.6 27.7 
Zo 51.8 30.4% G&9.7 30.3 48.9 28.9 
26 51-3 28-0 49.22 30.2 474% 2624 
27 52.0 29.5 4B.5 26-9 4662 26.0 
28 51.9 2901 4924 30.9 47.3 27 el 
29 51.7 28.9 4B.% 28.5 47.5 2622 
30 51.8 30.0 47.8 28 e1 46.4% a) a 
$1 51.8 29.1 0.0 0.0 45.8 2726 
MEANS 52.3 29.6 48.4 28 04% 47.9 far 
OBSVNS. 31 31 28 -28 28 28 
YRLY MEANS ccccccccccccccccccsccccccconecesccccvcccccscs Se 2947 
MAXIMUM $502 31-1 50.2 30.4 49.6 30.3 
MINI MUM 50.8 250% 45eF 19.5 45.8 24.8 


STO.DEV. 1.39 1.19 1647 var ae) e 96 1.30 
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SHERINGHAM POINT 48 22 40 N 1236 55e109h 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 45.5 ¥” a6 44.8 * 0.0 46.6 wae es! 
2 &5el * 090 &u.9 * 0.0 46.7 ¥ 70.8 
3 44.0 * 0.0 44eQ * 0.0 4607 * S0-0 
4, 44.3 * 0.0 4520 * 0.0 * 46.6 * £0.9 
5 4&3. 3 * 663 44.9 * 660 46.6 ¥ A020 
6 43.8 * #080 44.8 * 0.9 46.7 * 0.0 
7 43.5 * 0.0 44.29 ¥ 0.9 4607 * 0.0 
8 43.7 * Se 0 * 44.9 *. £29 46.8 *¥ 0.0 
] 43.7 * Set 44.9 ¥ 9 46.8 * 0.0 
10 4&3.5 * 0.0 45.90 * 0.9 468 * 90.0 
11 43.8 * 9.0 45.0 *¥ 0.0 46.58 ¥ 00.0 
12 &Y ei * S060 * &4.9 * 90.90 4607 * 28.0 
13 44.2 ¥ 9.9 44.8 * 0.9 46.2 * 0.0 
14 44.5 + *6'0 4Sel * 0.0 4604 * 0.0 
ty &5e2 * 0.0 45e1 * 0.9 &626 ¥ 0.0 
16 &&.5 * 7040 4522 ¥ 049 4626 ¥ <p<0 
17 44.8 * 60.0 45e4 *¥ 0.0 46.6 * 0.0 
18 &4.8 * 0.0 4603 * Ds0 46.7 eA De 0 
19 &&.7 * ost 46.0 * 0.0 46.9 * BA20 
20 &5.4 * 0.0 4602 * 0.0 47el * 0.0 
21 &5.3 * 0.9 4622 * 0.90 &7.2 * 0.0 
22 45.3 * 7050 46.3 * 0.90 4724 * 0.0 
23 4523 ¥ 6-068 46.4% = 6020 47.5 ¥ 60.0 
24 G52 + 040 462.3 .* 0.20 47.8 * £20 
zi 4522 *¥ 96.0 461 * 0.0 &7.8 * 0.0 
26 45.0 * 0.0 4602 * 0.9 47.7 ¥ 206.0 
27 44.6 ¥ 30.0 4607 * 1:0 &7e7 * 0.0 
28 &be8 * 70050 46.6 * re0 47.8 * 0.0 
29 44.9 * 0.0 0.90 0.0 &7.7 * 60,20 
30 4502 * 9.0 0.0 0.0 47.8 * 40.6 
31 4502 * 0.0 0.0 0.0 &7.8 * 010.9 
MEANS 44.6 0.0 4545 0.0 &7.0 0.0 
OBSVNS. 31 0 26 i) 30 0 
MAXIMUM 45.5 0.0 &OHo7 0.0 47.8 0.98 
MINIMUM 43.3 0.0 4h. 8 0.0 46.2 0.0 


STO.ODEV. e 66 0.00 69 0.00 051 0.00 


43 


SHERINGHAM POINT 4&8 22 4O N 123 755° 10" W 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 47.2 v Un 48.2 * 0.0 48.8 * 0.0 
2 * &7e% + Bau 4Bel * 0.0 48.6 ¥ U8 
3 47.6 * 0.0 48.2 ¥ 0.0 48.7 oe Ure 
hy 47.6 * 0.0 48e2 * 0.9 48.6 wn ALeu 
5 4726 * 0.00 48.2 ve 48.6 O60 
6 47.7 * 0.90 &Bel * 0.0 &8.7 060 
7 47.7 S an 486.2 * 0.0 48.7 * Ued 
8 G77 * 0.0 48.0  aveu 48e7 te 
se 47.7 ¥ ava 48.2 * 0.0 48.3 pelt ty 
10 47.8 * 0.0 &Be2 7 ao 49.8 pane Ue LU 
mage b 47.8 e ala 48.3 ¥ vet * 49.4 vo OSE 
12 47.2 * avau 47.7 ¥ Oe 0 &8.9 ve Ure 
13 47.8 * avau 4Bel * 0.0 49.3 eS Oe0 
14% 48.9 * 0.0 4Be1 * 0.0 49.2 * Wee 
5 pe 47.8 * 0.0 49.5 * 0.0 49.3 O80 
16 47.8 * 0.0 48.8 pe || 49.3 ve oe G 
i? 477 ¥ aUau 4Be7 *¥ 0.0 49.2 pape 
18 46-8 ¥ 0.0 48.3 * 0.0 49.0 ea ag 
19 47.5 * 0.0 4Bel ~ tee &9ei *¥ 0.0 
20 47.8 * 0.0 48.4% eS eo &9e4% * 9.9 
21 47.8 * 0.0 4B.5 * 0.0 50.2 ow U 
rai a 47.8 * 0.0 &8.5 * 0.9 50-6 ee TB 
23 4725 * 0.0 48.7 paleo.) 50.2 peaiytens Ee 
24 47.9 * 0.0 48.6 * 90.90 50.1 ¥  s8 
25 47.9 * 0.90 48.6 * 0.0 50-1 we Dell 
26 4Be2 * 0.9 48.7 geek ly Bh 50.2 eo ad 
cet. &Be1 * a usu 48e7 * TU s0 53.5 eT uae 
28 48.2 * 0.0 4804 * 0.9 520% ee ea 
29 4Bo1 wane 48.5 * 0.0 50.7 pei Po | 
39 48.2 * 0.0 48.5 * 0.0 50.3 eer atts 
31 0.0 0.9 48.26 * 0.0 0.0 0.90 
MEANS 47.7 0.0 48.4 0.0 49.6 0.9 
OBSVNS. ae | 0 31 0 29 0 
MAXIMUM 48.2 0.0 49.25 0.0 53.5 0.0 
MINIMUM 46.8 0.90 47.7 0.0 48.3 0.9 


STO.DEV. 31 0.00 e 33 0.900 1.16 0.00 


44 


SHERINGHAM POINT %8 22 40 N 123 55 10 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 51.6 * 0.90 50el ¥ 0.0 49.3 *¥ 0.0 
2 510% * ZUeC 5064 * 0.0 49.4% * 0.0 
3 51-4 * 0.90 50.1 * 2025 50.3 * 0.0 
7 51.2 * 9060 51.9 * 0.9 50.8 * 0.9 
5 51.4% + Ue 0 50-1 * 0.0 51.2 * 0.0 
6 51.6 * BUe0 520% * AUa 51.0 * 0.0 
fé 52e1 * 0.9 5124 * 0.90 51.2 *avad 
8 5202 *. 5.040 5220 * 0.9 5124 a La | 
9 e Sees * ued 52e1 ¥ 0.9 51.3 eS 
10 5222 * 6.0 5201 * 0.0 51-5 * Ua 0 
11 52e1 * 0.90 S2e0 . * BUa 5i-1 + aUau 
12 52el * AU20 53-9 ~ S020 512.2 pga Boa! 
13 5206 * 0.0 5207 * 0.0 51.2 * 0.0 
14 5207 ¥ poe 0 51.22 * 0.0 51.2 7 a Ue 0 
15 50.8 * 90.0 51.2 FR UaO 5iei we Ue U 
16 52.0 * £020 50.3 * 2Us0 51.3 * 0.0 
17 52.3 * A050 50.7 * 0.0 51.3 *¥ 0.0 
18 51.8 * 0.0 51.7 * 0.0 51.2 ee Uae 
a 51% ~ hue 0 5123 * 0.9 51.3 parties oi 
20 51.4% * 0.0 51.24 ee Uae 0 5122 peer 
21 51.2 ¥ 0.0 51.5 * 0.0 50.9 ener ed! 
22 50.4 * 0.90 3 Bn * aval 50.9 * 0.0 
23 50.5 * 0.0 5223 * 0.0 50.8 pred et 
24 52.0 * 0.0 51-2 * 0.0 50.9 wm 0 
25 5223 * 0.0 51.7 we Ua O 50.8 * 0.0 
26 5225 * 0.0 51-7 * 0.9 ge HEE | Ya a 
ag 51-3 * 0.0 51.6 FU 0 &9.8 vou au 
28 51.5 * 0.0 51-4 tule 49.3 ea 
oo 51.5 me Use U 49.8 ane Pg 49.7 vane 
30 51.9 * 4 Ue O &I9e2 *¥ 0.0 &9.3 ¥ Val 
31 50.4 * 0.0 49.8 ee Viet 9.0 0.9 
MEANS 51-6 0.0 Dt ac 0.0 50.8 0.0 
OBSVNS. 30 0 31 0 idee | 0 
MAXIMUM — 52.7 0.0 53-0 0.0 51.5 0.0 
MINIMUM 50.4% - 0.0 &I9e2 0.0 49.3 0.0 


STDeDEV. 063 0.00 e932 0.99 072 0.00 
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SHERINGHAM POINT 48 22 40 N 123 55 10 W 
CCTOBER NOVEMBER DECEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 49.4% * 80:50 48.8 * 0.0 46.8 ¥ 15060 
e 49.4 * #9 <0 48.2 * 0.0 * 46.8 ¥ 029 
3 49.9 ¥ #030 48.3 * 80-350 4607 ¥ 0.0 
& 4928 * 0.0 48.3 * 0.0 46.6 * 2°05 8 
5 50.6 of 0.0: 4626 ng 0.90 &6.6 - 0.0 
6 49.8 * 0.0 47.8 *° 3069 46.7 #2069 
7 49.2 * 0.0 48.9 * 0.0 4605 STE 6 GO 
8 50.2 ¥* 29020 48.6 * 0.0 46o% "es 0.0 
9 49.8 * 0.0 48.2 * 0.0 46.4% bel og UC 
10 49.8 ¥: SQ EO 48.2 *¥ 0.0 4604 * 0.0 
De 49.7 + SE o0 477 * F060 4605 * 0.9 
12 49.7 ¥ PUCU 47.9 * 30350 4665 ¥ S060 
13 48.3 * 0.0 47.26 * 8620 46.5 SPEU es 
14% 48% * 90.0 47.6 * 0.0 460% * 5060 
15 48.3 * 9.0 47.4% ¥ 8020 460% * 0.0 
16 4B.4% * Po s0 47.6 * 0.0 46.5 EU st 
17 &8.3 * 0.0 47.4% ¥ £060 46.4% *V e040 
18 &8.3 * £050 47.4 * 9.0 46.5 FETUSO 
19 48.2 * 0.0 48.3 * 0.0 4&6.5 PTUs 
20 4&8.3 *¥ 0.0 48.2 * 3esU 46-5 * 0.0 
21 GBel * 90.0 &7.7 * 0.0 &6.4% * 0.0 
22 47.5 * 0.0 &7.3 *. #060 4624 poe LE 
23 48.5 ¥ Os0 46.8 * 0.0 46.5 * 0.0 
24 48.5 * 0.0 4605 * 0.9 4625 pe een 
25 48.2 * 0.90 46.8 * 0.0 46.4% * 0.0 
26 &7.8 * 0.0 * 4607 * #620 4604 * 0.9 
27 49.3 * 0.0 4626 * 20.0 G63 *\ 50.60 
28 49.7 * 0.0 46.8 * 0.0 46.3 95050 
29 GBo4 * 20.0 4628 * 0.0 45.8 * 0.0 
+39 48.2 * ©0620 * 46.8 * 0.0 45.8 F200 69 
31 48.2 * VOUC6 0.0 0.0 45.7 FLT ESO 
MEANS 48.9 0.0 47.7 0.0 G6e4% 0.90 
OBSVNS. 31 0 28 0 30 0 
YRLY MEANS ccc ccc ccc cccecc ccc ccc cer esse eccccce ee serecces 48.3 0.0 
MAXIMUM 50.6 0.0 48.9 0.0 4608 0.90 
MINIMUM 47.5 0.0 46.5 0.0 45.7 0.0 


STD.DEV. «82 0.00 -70 0.00 025 0.908 
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RACE ROCKS 48 17 57 N 123 31 48 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 45.9 31.1 44 26 30.8 4565 31.2 
2 GOel 30.8 45.90 314% 4507 31.4% 
3 * 45.0 * 30.8 44.6 31-6 46.0 31.8 
fy 44.8 30.8 G5Sel 31iet 46.4% 31.6 
5 &ue7 31.4% 45.0 31.4% 4603 31.6 
6 44.4% 31.2 44.8 31.5 46.4% 31.4 
7 &4e2 31.0 44.7 30.8 46.6 31.26 
8 43.8 31.4 44.8 31.1 * 466.4% * 31.6 
i] &Ye2 31.4 * 44.6 * 31.9 * 4602 eS eS 
19 &4e.2 311 44.3 30.8 46.90 31.25 
11 44.5 31.2 44.6 30.8 4623 31.2 
12 &4.6 3122 &ue2 30.4 46.0 31.4 
13 44.8 31.2 44 oF 30.8 46.5  ESLaS 
14 44.8 Sil G47 30.8 £6.23 31.4 
15 45.0 3126 44.9 30.8 45.8 Sif 
16 45.0 31.8 4523 31.0 45e7 31.1 
17 4Se1 3126 4563 Siet 46.0 31.4 
18 4502 8195 46.0 31.5 86.5 32.0 
19 44.8 31.5 4507 31.4 46.6 32e1 
20 45.3 31.2 4605 30.8 47.0 31.9 
21 &5.0 31.4 46.0 Siel %7o3 31-9 
22 452 310% 4529 31.5 47.5 31.8 
23 G5el 31-2 45.4% 31.5 &7el 31.8 
24 &5.9 31-5 45.0 — 31iel 46.7 31.2 
25 44.6 314% 4&5.0 31.2 46.4 $1.1 
26 &4.3 3124 45-4 30.8 46.3 31.4% 
27 44.5 31.1 4522 312 460% $11 
28 * 44.5 * 31.2 4504 31.2 46.3 31el 
29 &4.5 31.2 0.0 0.0 4605 31.22 
30 44.3 Sie1 0.9 0.0 4626 3ie1 
31 44.5 30.8 0.0 0.0 46.3 31.0 
MEANS 4he7 31.3 uSel 31.1 46.4 31.4% 
OBSVNS. oF ede a o7 ao 29 
MAXIMUM 45.3 31.8 46.5 31.6 47.5 32e1 
MINIMUM 4%3.8 30.8 44.2 302% 45.5 31.0 


STO.DEV. 38 025 255 e 31 ° 46 e 31 
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RACE ROCKS 48 17 57 N 123 31 48 W 
APRIL MAY JUNE 1973 
DATE HEMP SAL TEMP SAL TEMP SAL 
1 47.0 31.6 G7 eh 31-8 4725 31.8 
2 &7e1 3122 G&7Te2 31.6 48.0 31.9 
3 &7e1 Sig y-" 4726 31-9 WEed $32.0 
4 &7.2 314% &7o1 32-0 4Bel 32.3 
5 G72 31.8, 46-5 32.3 48.2 32e1 
6 &7.1 32.20 4626 32 0% GBel 31.9 
iA 46-8 3201 46.3 3201 48.5 31.8 
8 46.8 31.9 4Oe% 3223 &8.0 Se 
9 4607 32.0 4Oe7 31.8 48.0 31.4 
10 46.8 31.5 &60 8 31.9 48.2 31.6 
11 46.5 31.2 47.3 31.8 48.6 31.9 
12 47% 31.5 47.5 3129 49.5 31.6 
13 4702 31-6 48.90 31.9 49.8 31.8 
1% 47.4 31-4 49.0 32el 49.2 3126 
15 &723 31.5 48.3 3263 &8.8 31.5 
16 %Beil 31.6 47el 31-9 48.9 31.8 
17 &7.0 31.9 47.5 3220 48.3 32.0 
18 47.3 31.8 47.3 32 20 %8.0 3201 
19 4725 31-8 47.3 320 49.3 31.9 
20 %&7.0 31.9 47.6 32.0 49e2 31.8 
21 4667 32.90 G77 31.8 4908 31.9 
22 47.23 31.8 4B.20 32.9 &902 31.9 
23 474% 31.8 88.2 31.6 4826 3201 
2& &7.5 31.8 48.3 31.9 48.6 32.0 
25 4725 31.6 47.8 31.5 48.8 31.2 
26 &7.5 31.6 47.7 32.0 50.0 31.0 
27 47.2 31.26 48.3 3220 &9.2 31i& 
28 47.3 3125 49.2 31-6 49.0 32.9 
29 474% 31-8 49.4% 31.6 48.4% 312% 
30 48.0 316 48.5 32290 %&926 31.9 
31 9.90 0.0 47.28 32.90 0.9 0.0 
MEANS 47.2 31.7 47.6 31.9 48.7 31.8 
O8SVNS. 30 30 31 341 30 30 
MAXIMUM GBe.1 321 49.4 32 0% 50.0 3223 
MINIMUM 46.5 311 46.3 31-5 4&7 25 31.0 


STD-DEV. 235 025 078 e22 , «65 29 


48 


RACE ROCKS 48 17 57 N 123 31 48 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
ul 49.0 31.9 50.0 32.1 48.8 32.7 
2 KBel 31.5 GBe2 32 o1 50.0 32.9 
3 GI9Ie1 S2el 4926 3207 50.90 31.8 
by 49e2 32.3 51.22 31.9 50.1 31.8 
5 48.8 31.9 50.3 31-5 50.3 31.8 
6 49.2 3126 50.2 3024 51.0 31.2 
7 49.4 3124 50.8 30.8 512% 3122 
8 49.8 31% 50.8 31.2 Siel 31.4% 
9 50.3 $125 51.2 31.9 51.6 31.2 
10 50.5 31.2 51.0 30.8 51.9 31.5 
11 50.7 3122 51.2 31.5 51.8 31.26 
ie 50.0 31.4% 51.9 3067 51.6 31.4 
13 51.0 31-5 51.8 31.6 51.3 31.9 
14% 50.9 31-5 51.4 31.5 &9.8 32e1 
y 50.6 31.4 51.5 312% 49.7 31.8 
16 51.90 31.9 52.0 314% 50.3 31-6 
17 51.3 30.4 52.0 31.5 49.6 32.0 
18 51-6 30.7 51.2 31 -% 49.9 31.5 
19 Siel 3iel 51.3 31-5 * 50.0 ¥°31.8 
20 51-2 30.6 51-1 312 50.0 32.0 
21 51.7 30.4% S12 314% 49.8 32.0 
22 5%.5 30.8 5123 31.2 49.6 32.0 
24 51.2 30.3 51.2 31.4% 49.6 32.3 
25 51.4 30.2 51-2 31.9 48.8 3224 
26 51.2 31.0 50.9 32 ei 48.5 32.4 
27 49.3 30.90 49.6 32 0% 49.6 31.6 
28 50.0 31.6 49.0 3223 4925 3129 
29 49.6 31.9 49e2 3207 49.9 32.0 
30 49.2 3225 48.9 3225 &9.3 S109 
31 48.6 3225 496.4% 3225 0.90 0.0 
MEANS 50.2 31.3 50.7 31.6 50.2 31.8 
OBSVNS. 5 oe 31 31 $i Ae 29 
MAXT MUM 51.7 32-5 52.0 $200 51.9 seer 
MINIMUM 4Boil 30.90 4Be2 30.4 48.5 31.2 


STO.DEV. 1-03 °67 1.00 60 e 93 37 


YRLV eMEANS coccc eee eceeensabeseseceseseseccaseeeseosesere 


RACE ROCKS 48 17 57 N 
OCTOBER 
DATE TEMP SAL 
1 48.9 31.9 
ves 48.6 31.9 
3 48.8 31.9 
& 49.3 31-8 
5 49.8 316 
6 50.1 31.5 
7 49.8 31.8 
8 5061 31.2 
9 50.0 31.2 
10 49.6 31.4% 
14 49.1 31.6 
» es 4&8.6 31.6 
13 48.8 31.29 
14% 4B S2e1 
i 47.9 3201 
16 47.5 32.7 
17 477 32.5 
18 47.5 32 04% 
193 4Be2 32 04% 
20 * 48.2 we 3c 
rae § 48.3 3201 
22 48.3 32-3 
23 48.5 32.0 
24 4B 32e1 
25 48.8 32.0 
26 482 32e1 
27 48.6 31.9 
28 GB& 3201 
Zo &Bei 32.0 
39 48.0 32e1 
31 R767 32.0 
MEANS 48.7 31.9 
OBSVNS. 30 30 
MAXI MUM 50.1 3207 
MINIMUM 4725 31.22 
STD-DEV. 076 035 
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123 31 48 W 
NOVEMBER 
TEMP SAL 
47.5 32.0 
47.26 32-0 
47.4 31-9 
47.0 32.0 
46.6 31.8 
47.3 31.5 
4722 314% 
47.0 31.2 
46.6 31.0 
47.0 31.6 
47.0 31.5 
&7 el 31.8 
46.8 31.8 
4607 32-0 
4629 32.90 
&7e1 31.6 
47.0 31% 
47.3 31.5 
46.3 31.6 
4626 31.6 
4628 3128 
46.3 31.25 
47.0 31.5 
46.5 315 
4626 3124 
46.5 31-8 
46.4 31.26 
46.7 31.6 
46.6 31.4 
4663 31.8 
0.0 0.0 
46.9 31.6 
30 30 
47.6 32.0 
46.3 31.0 
e 36 025 


DECEMBER 
TEMP SAL 
46.4% 31-5 
&665 31.2 
46.5 31-5 
4604 31.4% 
46.2 31.2 
46.3 $1.1 
46.6 31.2 
4601 31-5 
4602 Siel 
46.5 31-4 
46-5 31.4% 
46.6 312& 
46.6 31.5 
&6.5 31.4% 
46.7 31.2 
46.8 Siel 
4607 31-2 
46.6 31.4% 
46.8 30.7 
46.7 30.7 
46-7 31.0 
46.8 31.0 
46.6 30.8 
46.5 30.7 
46.7 31.0 
&604% 31.1 
46.5 30.8 
4604 30.8 
&£6.3 30.6 
45.9 30.8 
&5.1 31.0 
4£604% S1iei 

a9 feb 
%&7.8 31.6 
46.8 31-5 
&5Se1 30.6 
° 34 


1973 
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CAPE MUDGE 49 59 56 N £25 11°38 °W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 44.6 28.4 * 44.7 * 28.8 45.5 29-1 
2 &2e1 2861 44.9 28.29 &5.0 28.8 
3 45.3 28.9 &ke 3 28.39 45.0 29.9 
by 45.5 2920 45.0 29.3 4601 2961 
7 45.0 28.9 41.9 28.5 44.9 28.5 
6 45.0 290% 40.0 2802 47.0 28.9 
7 * 43.4% Mog ere 4265 28.9 45.7 a9eL 
8 * 41.8 * 28.8 43.3 28.8 44.5 28.8 
=) 40.2 28.6 43.9 2943 44.5 29.9 
10 &1.2 29.20 44.5 2923 &5.3 2923 
11 +7 ape0 nae ee og 43.0 28.9 45e1 29.0 
LZ TT eee vr Bed 4&4. 0 29.0 * &5.6 * 29.0 
13 + 3000 ge Re 4Ge1 2961 4622 28.9 
14 44.5 28.5 45.0 29 24% 46.0 28.9 
15 * &4.6 > eco eo * 45.0 * 290% * 46.0 * 22951 
16 * 44.8 7 72D 80 44.9 2923 &6e1 2923 
17 44.9 2825 4525 2944 * 46.3 Se oak 
18 45e1 29-0 45.0 2943 * 46.6 * 2869 
19 43.6 2822 42eE 28.6 46.8 28.8 
20 ¥ 5060 * 0.9 &3.3 28.9 * 46.4% * 28.9 
21 * 0.9 Pe eo G3e7 2829 46.0 29.0 
Ge * 0.0 ¥ 35,0 20 43.6 29 ol 4522 28.6 
23 77 t069 * 0.9 44 29-0 44.2 2920 
24 44.0 2862 44e3 - 29.0 45.4 2901 
be &2.8 281 &GU.5 29-3 4&4. 8 29.0 
26 43.8 2801 4h ei 2825 &4&.5 2859 
27 43.6 28% * 44.7 Paco? 44.9 28.6 
28 * 4324 * 28-5 45.3 2829 46.2 2920 
29 43.3 28.6 0.0 0.90 4562 28.256 
30 ¥* 43.9 waceel 0.90 0.90 * 45.8 ¥ 32625 
31 44.5 28.8 0.0 0.0 46.5 eoe.l 
MEANS 43.8 2826 43S 2920 4525 28.9 
OBSVNS. 18 18 25 25 ao 25 
MAXIMUM 4505 29.4% 4525 292% 4729 2903 
MINI MUM 40.2 28.1 40.0 2862 G4Y.2 28.5 


STO.DEV. 1.47 38 1.23 e 31 2°76 een 


ol 


CAPE MUOGE 49 59 56 N 125 11 38 W 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 &B.8 29-1 51.9 29.3 5266 29-1 
2 4726 29.0 51-8 2901 Q7el 2925 
3 47.6 28.8 49.4% 29 04% 4722 2925 
& 46.0 29.90 4601 2925 &8.1 2925 
5 4602 29.3 471 29-5 48.1 292% 
6 4&4. 3 29.23 &7 04 29-5 * 49.4% * 2924 
4 G5e2 29 04% 4628 29.8 50.8 2924 
8 45.9 2925 %7.9 2929 49.6 2923 
9 4602 29-4 48.5 2929 54.5 26.1 
10 &7.0 29-3 50.0 29-7 52.0 27.23 
it 4725 2923 50-1 2845 53.2 2841 
12 49.2 29-5 51.9 29.5 *¥ 53.9 “ 28ee 
13 &7eil 290% 5725 2923 * 54.7 * 28.4% 
14 * 4702 * 29.4 5620 29e1 5545 2825 
15 * 4723 * 2924 56-0 2825 S2e1 28 el 
16 G74 2904 5625 2927 * Due 2 * 28.3 
17 4&8e2 292-3 55.0 2805 54.2 28.5 
18 50.9 29.3 53-8 2961 54.0 28.0 
19 50.0 29.0 47.6 2965 50.8 28.8 
20 45.8 29-5 48.5 29-0 51.4% 28.9 
21 46.5 29-5 4765 29.28 56.0 27.7 
Ze 4605 29 24% 48.5 292% 56.0 2767 
23 45.8 29-5 * 48.6 * 296 55-0 2767 
24 &7.5 2923 48.6 2967 52.3 30 4 
2p 47.9 2901 52-8 — 30-0 58.8 28-0 
26 49.9 2923 55.0 2925 60.1 2707 
27 514% 2944 51.0 29-4 5925 2822 
28 51-7 2901 5720 28.8 55.8 2801 
29 ¥ 5265 ¥ 95.2 58.3 2826 ee i 28.8 
30 53-3 2923 5625 29.0 5325 29.3 
31 0.0 0.0 5501 2954 0.9 0.0 
MEANS 47.8 29.3 51-6 29.23 53.2 28.6 
OBSVNS. Zt 27 30 30 26 26 
MAXIMUM 53.3 29.5 58.3 30.0 ' 60-1 30 o& 
MINIMUM 44.3 28.8 4Hel 28.25 G7eil 2723 


STO.DEV. 2014 019 3 82 043 3655 78 


52 


CAPE MUDGE 49 59 56 N 125 11 38- W 
JULY AUGUST SERLEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 5122 28.8 5145 28.6 51.8 29.0 
2 53.8 2826 53.0 2822 53-8 28 ol 
3 5225 29-0 52el 2825 5204 28.26 
M 53.9 28.0 54.8 277 Sei) 28.0 
5 54.4 27 ef 54.0 28.8 5561 27.7 
6 53.8 2728 5504 2825 54.4 28.0 
7 55.9 2767 54.9 28 e1 55.0 28-2 
8 py ae 4 27 2 61-4 27 o& 55-2 28.0 
9 60.4 27 «4% * 59.4 * 27.6 Shem} 2861 
190 61.2 28.5 eee ae pent APS 57.9 ALAR 0 
11 66.6 27-7 556 2861 58.5 276 
12 59.0 2845 56.5 2825 54.3 28.0 
13 5625 272% 58.2 2767 51-24% 28.8 
14 53.90 28.2 5425 28.8 52.9 28.9 
Lo 542% 28.4 4903 2901 50.9 26-5 
16 5207 2826 4922 2964 De ai 27 & 
17 51.0 28.9 45.6 29e1 50-9 276% 
18 54.6 28.5 50.4 28.9 S4el 28.5 
19 54.5 2707 51.5 29 el 52.6 272 
20 54.3 27 o& 5526 28-4 53-0 2767 
21 5228 27 o& 5825 2726 55.7 27 8 
ae 54.5 27% 54-8 28-6 54.9 27-6 
23 55e1 27.28 5502 2728 59-90 2728 
24 5404 28.0 309) 28-5 58.8 2728 
23 5562 28.0 5604 26.8 5207 29.0 
26 60.0 27.8 63-20 27.26 51.3 29.5 
27 60.1 - 27.8 5528 2625 54.0 29-1 
28 59.9 273 5545 2629 51-9 2901 
rae | 53.4 28.8 50.8 29.0 51.4% 29e1 
39 51.8 28-5 54.0 2728 50.2 29.1 
31 60.9 2925 5124 28.8 0.0 0.98 
MEANS 5567 28e1 5404 28 23 54.9 28.2 
OBSVNS. 31 31 as) 29 30 30 
MAXIMUM 6626 2925 63.0 292% 59.0 edb PM 
MINIMUM 51.0 27 2 4526 2628 50.2 2625 


STO.DEV. 3262 059 3.70 267 2249 e771 


CAPE MUDGE iS 3 6 in 
OCTOSER 
DATE TEMP SAL 
1 51.3 2846 
2 52.0 28-4 
3 53-5 28.2 
4 53.3 27 67 
5 51.0 28-8 
6 © lth * a28 ee 
(4 51.8 27 ef 
8 50.8 2829 
5229 28.9 
10 4922 29-9 
11 496 29.9 
re * &Gel ¥ 2966 
13 48.6 2907 
14 494 29-5 
Lo 48.6 292% 
16 49.0 2901 
3 A * 49.4 * 28.8 
18 49.7 282% 
19 49.4 28.6 
20 49.8 2846 
21 49.6 28.6 
22 5iel 29-3 
23 49.9 28.8 
24 * 4928 * 28.8 
25 49.6 2828 
26 &8.7 28.8 
27 491 29e1 
28 49.0 29-3 
29 49.0 28-8 
30 48.5 2961 
31 48.5 28.8 
MEANS 50-1 28.9 
OBSVNS. er 27 
YRLY MEANS cccccccccsccccesece 
MAXIMUM 53-5 29.9 
MINIMUM 48.5 2767 
STO.DEV. 1.51 255 


e & 


x 


53 


P25 Git 6 4h 


NOVEMBER 


TEMP SAL 


48.90 * 26.47 
47.5 2767 
4702 ¥ s2B.e2 


47.0 28.8 
45.25 26.8 
4604 * 28.90 
47.3 2903 
47.3 29.3 
44.6 28.8 
46.9 29.7 
4702 * 29-8 
47.5 30.0 
45-4 28 4% 
44.5 2920 
44.8 28.6 
44.8 28e1 
44.6 28.26 
45.3 28-9 
45e7 *2c8e69 
4Hel ¥ 29.69 
4605 29.0 
45.9 28.6 
4526 2921 
46.0 ¥e%ee 
4665 29 24% 
46-0 *. 2961 
4545 * 28.8 
4520 2825 
4&8 27 7 
44.9 28.0 
0.9 0.0 
45.8 2867 
21 21 
47.25 30.0 
44.5 26-8 
1.08 074 


DECEMBER 
TEMP SAL 
44.8 2726 
44.5 2763 
46.0 280% 
44.5 27.4% 
45.0 27-9 
45.6 28.5 
4602 29el1 
46.4% 28.26 
46.6 2943 
46.0 28.9 
46.2 289 
45.8 28.8 
&5.& 28.7 
45.0 28.6 
450% 28.5 
45.8 28-24% 
4506 2728 
45.0 27.8 
45.0 28.0 
4507 2726 
45.7 28.2 
46.4% 282.9 
45.9 28.7 
45.9 2845 
&6e1 28.9 
46.3 290% 
44.9 28.9 
G&4el 2820 
43.0 2723 
&3e1 2726 
41.9 2862 
4502 28.3 

26 22 
49.7 28.7 
46.6 29% 
41.90 2763 

1.29 «64 


1973 
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SISTERS ISLAND 49 29 13 N 124 26 00 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 &5.0 291 &3.0 2826 44Ye& 2824 
2 G&el 29.0 G3. 28.5 44eit 28.5 
3 &H.1 2901 43.2 28.5 44.90 28.6 
& 42.9 2826 42.5 26.5 G4.7 28.4% 
5 &3o4 28.9 42.8 28.5 44.1 28.0 
6 &1.4% 28el1 42eE 2826 43.8 28 e1 
t 41.2 272 Gie7 28.6 44e1 28.4% 
8 &O.1 2702 4202 28-6 43.9 2822 
9 39e1 26-8 G2el 28.6 4&.3 2822 
10 38.8 2605 42e2 2844 44.6 28.4% 
11 41.6 28.2 &2e4 2824 44% 28.5 
12 &3e.1 28.6 42.3 28-5 44.6 28.4% 
13 44.2 28.9 &2eE 28% 44.5 28.5 
14 &3.2 282% 4205 2865 44.6 2826 
15 G34 28 4 42.8 2825 44.8 28.6 
16 &3.8 285 43.0 28.5 44.9 28.8 
Le 44.0 28.8 44.0 28.8 44.5 28.8 
18 43.0 2822 43.4 28.4% 4% .8 2961 
19 G2e7 2728 42.8 28 02 45.0 2924 
20 43-8 28.4% 42.8 28 «4% 45.0 29.3 
re | &3.2 28.5 42.5 28.4% 4&5 29.9 
ig ee 43.0 28.5 42.6 2822 44.6 28.9 
23 43.9 2826 43.0 2842 44.26 28.8 
24 43.0 28.2 42.9 . 28-2 8562 28-2 
29 43.0 2861 43.3 28.1 45e1 28.8 
26 42.5 28.2 43.9 28.6 45e4 28.8 
27 &2.8 28-2 44.8 29290 450% 28.8 
28 & 3.0 2B 24 44.6 28.8 45.4% 28.6 
29 42.9 28.4% 0.0 0.0 45.7 28.8 
30 43.0 28-5 0.0 0.0 45-8 28.8 
31 & 3.2 28.5 9.0 0.0 4506 28.8 
MEANS 42.8 28.3 42.9 28.5 4h.7 28.6 
OBSVNS. 31 31 28 28 $1 31 
MAXT MUM &5.0 2901 44.8 29.0 45.8 2924 
MINIMUM 38.8 2665 G1ie7 28.1 43.8 28.0 


STO.DEV. 1-41 062 ef2 «20 054 033 


ee, 


SISTERS ISLAND 49 29 13 N 124 26 00 W 
APRIL MAY JUNE 1973 
DATE LEMP SAL TEMP SAL TER? SAL 
1 46.90 28.9 49.9 29-5 50.0 2923 
"a 463 2826 50.6 292% 53.0 28.6 
3 46.5 28.5 59.8 2923 54.4% 28.5 
& 47.3 2828 50.3 29 04% 55.0 28% 
5 4623 28.9, 51.3 29e1 5602 2726 
6 46.0 28.9 50.7 2924 56.5 1 ae Clas 
tf 4506 28-8 49.7 29.3 54.8 28.4% 
8 4607 28.9 50.8 2901 52.8 2825 
2] 4602 28.8 51.90 29.90 53.4% 28.6 
10 48.4 28.6 50.7 28.9 . 54.9 2822 
ii 4729 28.9 5202 28.6 56-7 26.7 
12 48.6 28.8 54.9 2526 56.0 2667 
13 47.3 29.0 5722 25-8 54.9 26.8 
14 47.7 28.8 58.0 2529 54.9 26.0 
15 47.6 2826 5604 2723 5501 2546 
16 &8.4 28.9 5963 2726 54.0 26.1 
17 &8.90 28.8 57.3 27 el 56.2 21.2 
18 47.0 28.9 56-8 28.8 55.5 20.1 
19 &7e2 28.9 56e1 2802 5561 Groat 
20 &7e2 2901 54.3 28.5 56-4 2220 
rg 47.5 28.9 54.3 28.9 59.5 18.0 
22 47.9 28-6 53.9 28.6 57-8 2320 
23 48.90 2829 5225 29-9 57-39 25-0 
24 48.5 29.23 50.5 29-1 5607 24.8 
25 49.7 29-1 53.0 28 o& 60.3 24.3 
26 49.8 2921 5564 AMT 58.90 2502 
27 47.9 29-4 55022 25.20 60.8 24.0 
28 49.5 29-3 5604 261 59.8 2525 
29 46.9 2923 5722 26-3 59.9 2546 
31 0.0 0.0 54.3 28-2 0.9 0.90 
MEANS 47.6 28.9 53.7 28.0 5662 2526 
OBSVNS. 39 30 31 31 39 30 
MAXT HUM 49.8 292% 59.3 29.5 60.8 29.3 
_ MINIMUM 45.6 28.5 49.7 25.0 50.0 18.0 


STO.DEV. 1.17 023 2-82 1242 2259 2-76 
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SISTERS ISLAND 49 29 13 N 124 26 00 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL LEMP SAL TEMP SAL 
1 59-0 2625 63.0 26-0 58.0 27.3 
fs 58.0 2625 62-5 2604 59-5 Eve 
3 59.5 26.3 63.0 2607 59.5 atel 
by 5926 2502 63—7 260% 60.0 26.9 
5 59.0 23.0 63-9 26 04 62.0 271 
6 5964 21.7 65.9 26.3 58.0 28.0 
7 5922 21.3 66.7 26 ol 60.0 28.0 
8 58.5 21.4% 66.5 2624 58.5 27.7 
i] 62.0 21.2 65-9 2604 fhe he, 27.7 
10 62.2 24-4 65el 2629 61.0 27.6 
ii 6226 Ao ac 64.4% 26.3 62-9 27-6 
12 63.2 21.3 6542 260% 60.5 27.8 
13 62.3 23.28 630% 26-7 59.3 27.7 
14 62-8 23-5 64.4% 2628 60.0 28.1 
15 61.8 2501 6204 26-9 59.9 28.0 
16 61.9 2664 62.4% 26-8 59.5 28.0 
17 63.28 2502 61.6 26.8 59.3 28.90 
18 58.6 2742 61.5 2628 58.7 282% 
19 60.4 2726 60.0 2723 59.3 28.2 
20 58.4% ral ae 4 60.8 2761 56.8 28.2 
21 58.7 5 Cae 61.22 27.2 57.7 28.1 
22 60.1 2607 60.8 27-3 571 2801 
23 60-6 2601 6261 27 el 5723 28-1 
24 60.7 23.3 62.0 © 27 22 5722 27.8 
25 61.0 2426 63.0 27 el 57.3 28.1 
26 61.9 24.4% 6265 27 ol 5564 28.2 
27 63.4% 24.7 61.26 hg ih 56.9 28-5 
28 64.3 2329 60.0 27 0% 57.0 282.2 
29 64.0 25-9 60.0 2763 56.0 281 
30 64.0 26.3 5922 27.6 55-90 28.2 
31 63.5 Mis a 5725 28.1 0.0 0.9 
MEANS 61.1 24.6 6226 2629 58.6 27e9 
OBSVNS. ok 31 31 31 30 30 
MAXIMUM 64.3 2767 6667 28 el 62.9 28.5 
MINIMUM 58.0 21.2 5725 2629 55.0 26.9 


STO.O0EV. 1.97 2ei1 2017 0 4B 1.89 °40 
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SISTERS ISLAND 49 29 13 N 124 26 00 W 
OCTOBER NOVEMBER DECEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 54.5 2805 49.0 28.6 46.90 28.9 
2 54.8 2804 48.9 28.6 45.6 28.8 
3 54.6 286 48.5 28.5 46.0 28.9 
4 Suu 2825 48.0 281 45.6 28.6 
5 54.6 2864 4Be.2 29.0 45.8 29.0 
6 53.8 2846 47.5 2828 4602 2901 
az 53.0 28.8 47.5 28.56 45.9 28.9 
8 53.9 2826 47.5 28.5 45.6 28.6 
fe) 53.7 2828 4625 28-5 45.2 28.2 
19 53.0 28.9 47.0 (2846 45.3 2804 
11 53.0 29.1 47.3 28.5 46.0 28.9 
i2 52.9 28.6 47.2 28.6 46.0 28.9 
13 53.1 286 46.5 28.0 45.6 29.0 
14 52.4 28.9 46.5 28.5 &5e1 28.5 
15 51.6 28.8 46.9 28.8 45.5 28.1 
16 51.4 28.0 &6e7 28.9 &5.% 2861 
477, 51.38 2Bel 4626 28.9 456 27.6 
18 51.5 27.8 45.7 29.0 45.2 28.2 
19 51.3 28el 45.9 28.6 44.8 27.8 
20 51.3 28.0 46.2 28.9 &5e1 28.1 
21 Sih 2728 45.8 2869 44.9 28.0 
22 51.9 28.5 45.7 2829 45.7 28e1 
23 51.2 2865 45.2 28.8 45.0 2801 
24 50.8 28.9 45.6 28.9 44.8 2822 
25 50.8 286 45.5 29.0 44.7 2804 
26 51.3 28.8 45.2 29.0 44.7 28.6 
27 50.2 2806 45.5 29.0 44.2 28.8 
28 50.3 28.6 4S e7 29.0 44,2 28.8 
29 50.2 28 04% 45.8 2961 44.2 28.4 
30 50.0 2Beol 45.3 29.3 a a 2804 
314 49.5 2804 0.0 0.0 44.0 2804 
MEANS 52.2 28-5 4606 20.7 45.2 28.5 
OBSVNS. 31 31 30 30 31 a1. 
YREL YS. MEANS 6 « tb wimid 6 0.0.6 «0 0 cle .clble 6 6 © 0 60 0,b16 0.0 0 0 6 0 sib elnle 6 0 0 ee 0 51.2 ule aah 
MAXIMUM 54.8 2901 49.0 29.3 4602 2901 
MINIMUM 49.5 2768 452 28.0 44.0 27.6 


STO.DEV. 1.56 033 gag ly Hye °62 39 
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CHROME ISLAND 49 28 20 N 124 40 57 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL ee SAL TEMP SAL 
y! &5.0 2907 44.5 28.6 &4.8 2705 
2 bbe 8 2925 4326 2923 45.0 2923 
3 43-8 2767 &3.6 28-6 45.0 2928 
& 4326 2828 &3.0 2802 &5.0 2925 
2 43.7 29-0 & 3.0 29.0 450 2923 
6 &2.8 28-8 &2 68 28-9 852% 29.5 
if 432% 28-9 43.6 29-1 45.5 28456 
8 &2.8 28.9 &2.0 2961 &5.0 2828 
9 41.9 2829 42.5 2901 44.9 280% 
10 42.3 29.0 42.6 28.8 45.0 29.3 
it 4268 2828 42e7 2923 &4.5 28.8 
12 G3.5 2901 G2eh 28.0 &5.0 2923 
13 &4&.0 28.9 8265 2822 44.7. 2923 
14% &329 28.6 42.5 29-0 4522 2923 
15 44.5 28.8 42e7 2825 &5.2 2901 
16 44.8 29et G3e4& 28.5 &5.5 2901 
17 44.9 29e1 43.9 2923 45.2 29e1 
18 &4.1 2901 44.0 29.0 &5.2 2923 
19 4208 24.3 &4.0 29-90 4502 292% 
20 43.0 2901 44.0 29-8 &5.3 2905 
rae &3.5 29.1 43.4% 29-8 &4.5 28.9 
ait 44.3 28.9 43.0. 29.3 44.7 2829 
23 44.4% 2923 43.8 2920 44.6 2826 
24 44.5 2923 4365 29-1 45.2 28.8 
25 40.0 18.3 4328 280% 4565 28.2 
26 41.9 2502 Bue2 28.8 45.3 271 
27 &2-0 2826 44.4 28-9 45.5 28-2 
28 420% 29e1 4408 29-3 &5.8 280% 
29 &2.0 28.9 0.9 0.0 46.5 2829 
30 &3.2 2928 0.0 0.0 46.0 2828 
31 &3.0 30.0 0.0 0.0 &5.5 29e1 
MEANS G33 280% 4324 2829 45.2 28.9 
OBS VNS. 31 31 28 28 31 31 
MAX I MUM 45.0 30.0 G4 8 2928 46.5 2928 
MINT MUM 40.0 18.3 42.0 28.0 Q4e5 27e1 


STO0.DEV. 1.13 2220 073 2 && 0&3 0 5B 
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CHROME ISLAND 49 28 20 N 12% 40 57 W 
APRIL MAY JUNE 1973 
DATE rene SAL T=MP SAL TEMP SAL 
1 &6.8 28.9 51.5 2923 55.7 2865 
au 46.8 28.9 50.8 29.3 5501 2802 
3 46-3 2925 4926 29-3 54.8 2842 
& 46.1 29-0 52.0 2924 56.5 28-5 
5 46e1 29eil 50.4% 29-1 5622 28.6 
6 45.8 30.0 4925 29.5 5262 2907 
td 46.0 29-5 4729 2947 51.1 290% 
8 45.6 30.0 47.3 29-8 5202 29.8 
i] 45.8 2923 G74 30.3 52-6 29-5 
10 46.7 2920 48.7 29.8 54.0 295 
11 47.28 29.4% 50.1 29-9 54.5 290% 
re 48.7 2829 5265 2967 53.2 2928 
13 49eh& 28.5 51-5 29.5 53.8 293 
14% 48.6 29-4 5204 290% 53.0 2928 
15 48.0 28.8 5565 2923 52.3 2904 
16 &7.4% 29-3 52.5 29-1 52-7 29.0 
17 &7.5 29.0 55-0 29-3 53.0 29.0 
18 4609 29-0 5567 2901 52-8 2903 
19 &8.5 2903 5520 28.4% 5321 28-9 
20 48.0 28.9 54 ek 2628 54.0 29-0 
en 48.4 29-0 54-8 2920 56.5 28.5 
22 47.6 29.23 5265 29-9 59-1 2607 
23 4726 30-2 * 51.0 * 29.8 592.5 2525 
24 &8.4% 2901 49.5 29.8 56-2 2725 
25 48.0 28.6 50-1 2927 566 8 2802 
26 48.0 29-0 53.0 28o1 60.0 2724 
27 &7.6 297 53.7 2728 61.7 260% 
28 492% 2928 5567 27% 60.5 2604 
23 51.5 2901 5Be2 26-3 59.7 28-1 
30 51.4 29e1 54.4% 28.8 60.0 262% 
31 0.0 0.0 55.0 2822 0.0 0.0 
MEANS &7.7 2902 5203 29-90 5524 28-5 
OBS VNS. 30 30 30 30 30 30 
MAXIMUM 51-5 3022 5B 2 30.3 61.7 29-8 
MINIMUM 4526 28-5 47.3 26.3 5iei 2505 


STO.DEV. 1.47 e441 2285 095 3-01 1-19 
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CHROME ISLAND 49 28 20 N 124 40 57 W 
JULY AUSUST SEPTEMBER 1973 
DATE TEMP SAL TP SAL TEMP SAL 
1 5867 2609 65.4% 26-5 57.8 28.0 
Zs 57.7 2706 64-6 2526 59.0 2767 
3 57.8 27el 65-5 2702 58.6 2706 
te 58.0 2607 65-6 2607 59-9 2707 
5 572% 2629 65-5 260% 60.7 2767 
6 568 2723 6564 2767 54.8 29e1 
7 56-3 2728 67.0 270% 57.0 2920 
8 5529 2728 66-8 27el 56.5 28.8 
9 57.7 2802 66-5 2704 59.0 28.2 
190 57.8 28 eh 6722 2723 57-8 28-9 
te | 5725 26e1 67.0 270% 58.0 28.8 
12 61.0 2526 66.0 277 58.8 29-0 
13 b3e1 2426 6565 2629 59-2 28.2 
14 63.0 24.23 66-6 2726 62.0 28.0 
15 6305 24.6 654% 272% 60.5 2822 
16 63.5 2428 62.0 28.8 59.6 28-0 
17 631 2508 62.3 28.4% 5665 2829 
18 6461 26-9 53-2 2801 56.5 28-4 
19 64.5 2526 53.0 28.5 54.7 2707 
20 65-3 — (Eel 60.0 2767 54h 2901 
21 62.5 2620 539.0 2825 5S4e2 28-9 
22 60.8 2607 60.0 28-5 5502 28.8 
23 59-8 2T7e% 59-8 28-8 54h 2961 
24 58.8 2727 5B 5 282% 5324 29el 
25 5620 2727 61e4% | = 29.23 53.8 30-0 
26 61.0 270% 60.2 28.8 54-8 2928 
27 63.8 2600 539.3 28.0 53.3 290% 
28 64.8 260% 57-8 28-4. 53.2 292% 
29 66-6 2526 57-3 28.5 5226 2929 
30 66-3 26-5 56.3 28-5 52.3 2923 
31 66-0 2601 58.0 2862 0.0 0.0 
MEANS 60.9 26-5 6226 2728 56-6 28.7 
OBSVNSe 31 31 31 31 30 30 
MAXT MUM 66-6 2824 6722 2923 62.0 30.0 
MINIMUM 55-9 2423 5723 2526 52-3 2726 


STO -DEV. 3e 43 1-16 3-50 e 8& 2073 270 


CHROME 


D 


MEANS 
OBS VNS. 


YRLYV eME ANS ccoccc cece cece cavcnccecaczece @@eeeeed 


MAX IT MUM 
MINI MUM 


ST0-OEV 


ISLAND 


ATE 


OON ANNE WN eH 


5202 
5226 


53-0 
53-4 
5302 
53.6 


53-6 
49.0 


49 28 20 N 
OCTOBER 
TEMP SAL 

2901 

2928 

5326 2901 
5326 29-3 
5361 29e1 
29-0 

28.8 

29-7 

29.0 

52.8 28.9 
2920 

51-5 28.9 
28.9 

e& 29-5 
2901 

et 2967 
4 29-4 
o& 2923 
04 2923 
3 290% 
290% 

04 290% 
29-5 

49.8 29-5 
4924 2907 
494% 29-5 
o& 2928 
49.8 28.8 
49.2 29-5 
° 4 29-4 
29e1 

el 29-3 
31 31 
2928 

2828 


1-58 ° 30 
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124 40 57 W 
NOVEMBER 
T=MP SAL 
43.0 28.6 
48.4 28-2 
48.9 28.6 
48.0 28.8 
47% 29.3 
4726 2967 
47.8 28.9 
&725 28.9 
4625 28-8 
&607 28.5 
47.0 28-9 
4724 28-6 
4726 29-0 
&7.5 28.9 
B74 29.3 
45-8 28.5 
4626 28.8 
46.0 2828 
45.7 28-8 
466 28-9 
4504 29.0 
45.8 28-5 
456 2920 
45 -& 28.6 
46.0 29-0 
45 D0 29.3 
46.3 2923 
459 29-4 
46.3 2923 
4520 29-3 
0.0 0.0 
4609 2829 
30 30 
43.0 2927 
454% 28.2 
097 0 34 


DECEMBER 
TEMP SAL 
45.8 29.3 
4502 28el 
45.7 2923 
46.0 2868 
45.6 28.29 
46.0 29-3 
&5.7 26-7 
46.0 24.7 
454% 2723 
45.8 29-0 
46.2 2920 
&6.0 2965 
4602 293 
86.0 29et 
&6.0 2943 
46.3 290% 
&5.2 2505 
&3.9 2502 
&4.2 2723 
45.6 28.56 
44.6 2668 
&5.3 28.0 
45.2 2722 
45.4% 28.8 
&4&,3 26.8 
&4&.6 286% 
44.4% 2826 
&4e& 2826 
44.6 286% 
4&3 281 
&4o2 282% 
45.3 281 

31 Sti 
50.9 2845 
463 2925 
43.9 24.7 

073 1.29 


1973 
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ENTRANCE ISLAND 49 12 34 N 123 48 27 W 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 45-9 * 2782 &3.9 2826 45.26 28.2 
2 45.0 265 43.8 28.8 45.0 2728 
S 43.2 28 4 43.3 28.0 44.5 28.4 
& %205 28.0 4¥2e% 28.2 4507 28.8 
5 43.8 27.8 &2e2 28-1 44.9 26.6 
6 42.5 2822 42.0 2707 46.0 2526 
7 42.0 282% 40.0 2702 46.1 26.0 
8 41.8 2822 490.6 27-3 44.5 2562 
9 3928 27 ob 40.8 2702 4&4. 3 26.7 
10 3702 2504 41.4 27.23 44.4% 2726 
11 429 2825 G&2e1 2726 44.5 27.8 
i2 4305 28-8 4125 27 26 44.8 2724 
13 Ge 29.0 42.0 2726 44.6 ailte,3 
14 45.9 29.0 4202 28.1 44.7 27.26 
uS 45.6 2961 43.0 28 o1 44.9 286% 
16 4602 29-5 43.6 2824 4504 29e1 
17 43.9 2525 43.3 28 0% 4&.7 29.0 
18 4% .8 28.9 42.5 27% 45.0 29.5 
19 43.3 2728 42.3 2667 45.6 29-5 
290 45-20 2901 41.8 C7 ol 45.6 292% 
21 45-0 29.0 42.5 2726 &5.2 2923 
Ae 44.8 2923 42.8 2728 45.3 28.1 
23 G54 29.5 42.9 27 o& 45.5 2726 
25 42.0 26 0% &3el 2669 &5.% 27.8 
26 &2e2 2607 43.8 2822 45.3 28.0 
27 42.3 2767 * 44e2 *- 20nit 45.5 27.8 
28 &2eil 274% 44.7 28.0 &6.9 2728 
29 42.3 2723 0.0 0.0 &623 28.0 
30 43.3 2728 0.9 0.9 46.6 28.4% 
31 43.0 2726 9.0 0.0 46.0 28.8 
MEANS &3.% 28.1 42.5 27 07 45.3 2729 
OBSVNS. 31 30 27 27 31 31 
MAXYMUM 4602 29.7 G4.7 28.8 46.6 29.5 
MINIMUM 37-2 25 0% 40.90 26-7 44.3 eee 


STO-DEV. 1.87 1.14 1.08 053 °62 1.08 
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ENTRANCE ISLAND 49 12 34 N 123 48 27 W 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
if 4602 29-0 53.0 28-6 552% 26.5 
Z 4609 28.8 49.6 28-5 55.26 2703 
3 46.8 28.9 475 29el 55.8 re da | 
& 47.22 28.29 53.0 26 28 56e2 2702 
5 4£604 28.9 50.5 28-9 54.0 2726 
6 47.0 28.6 4B% 27 7 53.8 271 
" &Bei 2826 %Be2 2901 5204 261 
8 48.3 28.4% G77 29.7 51.8 2726 
9 &7.7 28% 4702 29 2% 56.2 16.2 
10 47.8 2824 48.5 292% 56.8 16.3 
ii 48.6 28.1 50.7 28.9 58.3 16-9 
+ bed 48.3 28.5 5722 25 0% 53.9 28.9 
13 &9.5 28.5 58.8 24.8 53.2 28.4% 
14% 49.7 2825 60.7 2423 53.0 28.22 
15 49.0 26.6 61.0 he Ts 52.3 2802 
16 4626 2901 57-25 266% 51.6 28.6 
17 47.7 29.90 56.8 2628 53.3 2727 
18 4728 29-90 59.0 2628 5222 28.8 
BS] 51.2 28-5 51.9 28.0 54.0 28.8 
20 49.5 28.6 5425 28.0 58.8 2623 
ral | 48.5 2726 * 5204 * 28.4% 63.5 14.2 
22 48.9 27.3 50.3 28-9 61.1 15.4% 
23 4Go2 27-3 48.0 2967 57-8 2222 
24 48.6 28.8 4Be7 29-7 5320 278 
25 48.9 28-1 50.5 26-7 5604 26.3 
26 &9.5 28.5 54.8 22-0 66.0 14.9 
ae 50.0 2824 54.2 22el 63.4% 18.0 
28 51.0 2707 5587 24.0 61.0 19.5 
29 5565 2726 5823 18.4% 61.3 2024 
30 5525 2728 5502 25.0 62.0 19.4 
31 0.0 0.0 54.5 26.3 0.0 0.0 
MEANS 48.9 2804 5301 2628 5665 24.0 
OBSVNS. 30 30 30 39 30 30 
MAXIMUM 5525 2901 61.9 ites I 66.0 28.9 
MINIMUM 46.2 2723 4762 18 & 51.6 14.2 


STD.DEV. 2.20 G54 4.28 2.72 4.01 5.22 
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ENTRANCE ISLAND 49 12 34 N 123 48 27 W 
JULY AUGUST SEPTEMBER .1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 59-1 2428 6322 2402 59.6 246 
2 60.5 2501 63.8 24.7 60.1 24.6 
3 59-1 2207 64.2 24.7 5967 rahe rp | 
by 58.0 2502 64.0 2367 60.5 2542 
5 58.0 2501 63.3 2501 6225 2529 
6 56.23 24.6 6364 2620 5955 26.7 
is 55.0 2701 6603 2424 58.5 28.8 
8 5561 2726 66-8 24.8 *953.5 * 28.0 
9 60.0 2467 67.3 21.4 60.5 2702 
10 58.0 2505 66.9 2205 61.9 26.9 
11 63.8 15.2 66.1 24% 59.8 2665 
12 63.9 16-6 66.0 2502 58.5 2723 
13 62.4% 20.8 66.6 2526 *F25 6. 9 Phe tie 3 
14 63.90 21.7 64.5 2620 59.3 2723 
15 61.4 2424 62-5 26-3 57.4% 266% 
16 61.2 24.7 61.4 2607 58.6 27 1 
17 60.2 25 0% 5925 2607 59-5 2629 
18 61.8 24.7 5927 27 el 54.3 2961 
19 625 2467 60.0 24.8 52-5 29.3 
20 60.9 25 04% 60.39 24.0 5602 2924 
a | 58.3 26.0 62.° 2529 54.5 27-8 
ee 58.4% 26-3 62.0 24.7 5625 2502 
reg 59-6 2625 61.1 26.3 5726 28.1 
24 59.0 26-7 61.2.8 2607 5725 26-5 
25 58.9 25-4 63.0 2509 * 56.5 ee owe 
26 63.3 21.2% 62.E 26.0 5525 29.8 
27 6329 sly ge “he 61.8 21.7 54.6 28.8 
28 64.5 21.6 5505 2728 56-3 28% 
29 66.0 206% 5629 2702 ¥ 5605 2824 
390 64.2 2226 59.0 23.7 TH Ge4 * 28.0 
Si 60.5 24.8 59.0 24.3 0.9 0.98 
MEANS 60.4% 23-9 62.6 2501 58.0 2702 
O8SVNS. 30 30 31 31 25 26 
MAXIMUM 66.0 2726 67.3 27.28 62.5 2928 
MINIMUM 55.0 15.2 5525 216% 52-5 24.6 


STDO.DEV. 2.73 2-86 wee IT 1.53 20 4G 1.53 
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ENTRANCE ISLAND 49 12 34 N 123 48 27 W 
CCTOBER NOVEMBER DECEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 55.8 oe fee $29 4922 26.8 461 2767 
2 5545 2767 48.8 2628 45.2 2528 
3 55.3 27.7 48.0 27-6 4602 26.8 
‘ 55-0 2767 47.5 28.9 44.6 2628 
5 54.0 28.0 47.8 29.9 45.5 27.8 
6 52.8 28.2 47.28 29-9 47.2 29.3 
7 53.8 273 47.6 28.9 47.2 29-3 
8 53.0 28e1 4626 2727 43.0 22-9 
4 54.5 2724 45.4% 2526 43.9 eoee 
10 52.0 28-2 G6e1 2661 44.6 26-8 
iit 51.4 28.6 47.5 2767 46.0 28.2 
ae 51.3 28-5 47.5 27 28 46.7 29.23 
13 50.1 29.0 47.3 28.9 46.0 292% 
14% 49.9 28.8 &726 292% 46.1 29.0 
j Ba 50.7 28.0 47.8 29e1 47.0 29.5 
16 51.6 27.8 4723 2961 45.39 2601 
17 51.9 2825 4502 26.3 45.8 28.0 
18 50.9 28.0 454 270% 44.0 23-9 
pee, 50.0 2924 4502 2723 45.0 26-39 
20 50.6 2846 4665 28.9 460.4% 28.8 
21 51.5 27.8 G64 28.9 45-8 27 4% 
22 51.0 28 ef 45e% 27.8 45.0 25.8 
23 51.5 26.7 4620 28.1 45.2 272i 
24 * 50.9 * 2724 45.3 28 e1 45.7 2601 
25 50.3 28.1 46.0 28.8 45.90 2604 
26 49.4% 29.0 44.9 28.0 &5.0 26-1 
if 49.4% 2901 46.7 28.9 43.8 26-9 
28 &9e1 29-5 46.0 29.0 4&3. 2 25-9 
zd 4926 28.0 4602 29.0 43.8 2629 
30 49.8 27 26 &G&6.0 28.8 43.4% 2661 
+ fa 49.4% 25-9 0.0 0.9 43.2 26 28 
MEANS a het 2861 46.7 28.1 4522 273 
OBSVNS. 30 30 390 30 31 31 
YRLY eMEANS ccc c ccc cececcee cece cacecereescancceesesesecececes Sil 2609 
MAXIMUM 55.8 29.5 4902 290% 47.2 29.5 
MINIMUM G9Ie1 25.9 44.9 25-6 43.0 22-9 


STO.DEV. 2204 76 1.14 1.03 1.22 1.61 
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DEPARTURE BAY 49 12 38 N 1236;,57 if WwW 
JANUARY FEBRUARY MARCH 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
yt &2.0 2501 42.5 260% 45.0 2367 
2 41.0 2724 42.5 26-8 44.5 24.6 
3 41.5 2728 43.9 29-90 44.5 271 
& 40.5 28.90 42.5 2925 43.0 24.0 
S 3.8 . 28.9 41.5 2925 63.5 2528 
6 4265 2925 3725 28-1 4&4. 0 26.8 
e %&2.0 2963 36.0 28 1 4&.0 26.4% 
8 &2.0 29e1 42.20 26-1 44.0 26.4 
9 %1.0 2826 42.0 2728 4.0 260% 
10 &1.0 26-9 42.0 274 45.0 26.5 
at 41.0 2545 41.0 28.4% 45.9 26.3 
12 41.90 25-9 61.5 28 oi 45.9 2824 
13 + 0.9 2501 41.5 28 o1 &5.0 28.9 
14 * 0.0 2545 43.90 28.6 45.90 28 oi 
15 * 0.0 17.9 43.0 28.6 &5.0 2728 
16 * 0.0 17.8 42.5 27.6 45.0 29.7 
17 * 0.0 17.3 43.5 2961 44.0 29.9 
18 * 6.0 2229 43.5 2924 44.0 292% 
19 * ,0-0 28-0 43.90 28-5 4&.0 2528 
20 42.0 2229 42.0 28 26 452-0 . 29.7 
21 4225 28.4 42.0 28.0 &5.0 28.2 
22 42.0 25.0 42.0 2723 45.0 28-1 
23 & 2.0 25 0% 42.0 27 al 4465 286.5 
25 41.5 2802 43-5 27 ol 45.6 28.1 
26 41.0 2726 44.0 2601 &5.0 28.4% 
Ya 41.5 26-9 44.0 25 0&4 4520 28.1 
28 &2.5 27.7 45.0 2229 47.0 28.5 
29 &2.5 2727 0-0 0.0 46.0 2824 
30 &2.5 27eTl 0.0 0.0 &6.0 282% 
31 4225 26.7 0.0 0.9 46-0 28.4% 
MEANS 41.9 26.0 &2e2 27.7 &he 8 27.5 
OBSVNS. 24 31 28 28 31 31 
MAXIMUM 43.8 29.25 &5.0 2925 47.0 29.3 
MIWI MUM 40.5 17.3 36.0 22.9 43.0 23.7 


STO.DEV. e 83 3225 1.79 1.39 e 80 1.60 
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DEPARTURE BAY 49 12 38 N 123 57 17 W 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 47.0 29-3 5265 28.5 54.0 27-6 
e 47.0 2923 51.5 2828 54.0 2607 
3 &7.0 28.8 51.0 28.5 54.0 26.7 
“ 47.0 2925 48.5 29 64% 55-0 2667 
5 &7.0 29.0 49-5 29-7 56.0 28.0 
6 4725 2901 5225 27.8 55.0 26-9 
cf 48.0 29-4 49.0 29.3 55.0 28.90 
8 &8.0 29-4 48.0 28-6 55.90 28.8 
| 49.0 29.7 50.0 28.6 * 56062 * 28.1 
10 50.9 2904 53.0 2607 5725 274% 
11 50.2 2928 55.0 2607 *5 58.2 * 27.0 
12 50.2 2901 5525 26.7 59.9 26.7 
13 52.0 29.0 58.0 2407 54.5 2B ok 
14 49.0 2961 58.0 2407 54.6 28.9 
aS 50.5 29e1 58.9 24 e7 55-0 2826 
16 * 48.2 * 29S 57-0 2544 53-5 2824 
17 45.8 29.24% 58.0 27-6 53.0 2767 
18 45.6 29-9 55.0 28-8 54.0 29-1 
19 45.8 29.7 57-0 27 o& 53.0 27-6 
20 4&6 29-9 58.0 26-9 54.0 28.5 
21 49.0 29-4 57.0 2627 62.0 17.9 
ae &9.0 2901 55-0 28.0 64.0 15-7 
23 48.0 3122 53.0 28.8 63.0 16.3 
24 48.0 28.8 50.0 292% 5725 22e1 
25 50.9 28-6 53.0 2923 57.0 27.26 
26 50.0 28.5 53-0 29-9 63.5 19.2 
27 52.0 286% 54.0 29.9 63.9 20.6 
28 52.0 28.4% 57-0 26-3 62.9 21-4 
29 52.0 2723 55.0 26-7 62.0 2202 
30 52.90 27-3 55-0 274% 62.0 20.9 
31 0.0 0.9 * 54.5 * 2ieo 0.0 0.90 
MEANS 886.7 29-1 53-9 2767 57.2 2502 
OBSVNS. 29 29 30 30 28 28 
MAXIMUM 52.0 31.2 58.0 2929 64.0 2901 
MINI MUM 44.6 2723 48.0 24.7 53-0 15.7 


STO.DEV. 2014 075 3.16 1.53 3.81 4.18 
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DEPARTURE BAY 49 12 38 N 123 57 17 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 * 61.8 * 22e0 65.0 2501 60.0 25.0 
2 61.5 25.0 65.0 25-5 61.0 2528 
3 62.9 27 ol 65-5 259 60.0 26.9 
& 58.0 2529 64.5 24.7 62.0 2661 
5 58.0 24.26 63-45 26 of 64.0 262% 
6 57.0 22062 64.5 2603 61.0 2601 
7 57.5 23.8 66-5 26-5 57.0 29.8 
8 56.5 2601 68.0 252% 58.5 29.5 
9 59.0 2565 68.0 22.2 59.9 29.1 
10 59.5 23.8 67.0 22% 61.0 27.26 
11 62.9 16-5 66-5 24.6 62.0 27.3 
i2 64.5 16.8 67.0 26.9 63.0 27% 
13 64.5 20.0 67.0 26-3 * 62.0 ¥ 127163 
14% 63.0 27 el 65.0 2529 61.0 2722 
15 63.9 2501 64.5 2628 62.0 2722 
16 61.5 2501 63-0 2623 60.5 itn. 2 
17. 62.9 2564 59.0 27.7 60.0 29-0 
18 62.0 25-8 56.9 27-8 59.0 28.2 
19 64.0 266.7 * Mite. 0 2842 58.0 28.0 
20 62-5 2601 * 0.90 25 01 55-9 29.90 
21 58.0 2620 * . e,0 26.5 53.0 29-7 
we 58.0 27 el 62.0 26 0% 52.5 29.8 
23 58.5 26.8 61-£ 26 28 55.9 29.3 
25 60.0 24.6 62.0 2629 57.5 28.2 
26 63.0 20.8 61.5 26-9 57.90 27% 
27 65-2 21.2 60.0 2607 56.0 2728 
28 65.4% 20.6 58.5 25 0% 54.0 28.2 
29 65-2 21.7 58.0 25 0% 57.0 29.29 
30 67.0 2202 58.0 26.4 53-5 27.8 
$i 66.5 23-7 eS We0 * 2bidt 0.0 0.0 
MEANS 61.5 24.0 63.3 26.9 58.4% 27.9 
OBSVNSe 30 30 27 30 29 29 
MAXIMUM 67.0 27.2 68.9 2822 64.0 2929 
MINI MUM 56.5 16.0 58.0 2262 52-5 25.0 


STO.OEV. 3-04 oeF9 3e 26 1.31 3.20 1.33 


DEPARTURE BAY 


oOo 
» 
~4 
rr} 


ODOBNAWNME WNP 


MEANS 
OBSVNS. 


YRLV oe MEANS ccc ccc ccc cecrce cere cere ceeseneeeesccccesceooce 


MAXIMUM 
MINI MUM 


STD.OEV. 


49 12 38 N 
OCTOBER 
TEMP SAL 
53.5 27.8 
55.0 28.90 
55-5 28-4 
55.0 28.0 
54.0 29-1 
54.0 28.8 
54.0 28.0 
53.9 28-1 
53.0 28.9 
53.0 28.8 
5265 28.6 
51.0 28.6 
50.5 2901 
51.0 291 
51.0 28% 
50.5 28.9 
50.5 28.9 
51.0 28.6 
51-0 2861 
51.0 28.6 
51.5 2722 
52.0 2728 
51.5 2601 
50.5 2702 
&B.5 28.5 
4925 28.90 
49.5 27.8 
50.0 28.28 
50.0 2767 
&9.0 27 0% 
48.5 2528 
51.6 2862 
31 31 
5525 2941 
&8.5 25-8 
1.94 281 
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123 57 17 W 
NOVEMBER 
TEMP SAL 
48.0 2667 
48.0 2702 
48.0 27.7 
48.0 27 6 
45~0 27-7 
45.5 28.1 
46.0 27.8 
46.5 28.9 
44.0 27.2.3 
46.0 26.9 
460 24.3 
46.0 28.0 
46.0 24.3 
4h 65 2301 
45.5 2601 
47.0 29.0 
45.5 28.0 
4465 27 ol 
4h o0 27 2 
4600 2802 
47.0 28.6 
4500 280% 
42.5 25 04 
45.5 2607 
45.0 286 
4305 27.3 
45.0 2801 
46.0 2728 
Se | 222% 
* 46.3 229 
0.0 0.0 
45.07 2629 
28 30 
48.0 29.0 
4225 2204 
1.38 1.81 


DECEMBER 
TEMP SAL 
460% 26.7 
G&6.% 27 ok 
46.0 24.6 
44.0 24.3 
&3.5 23.9 
45.0 2265 
44.5 2024 
&3.0 19.93 
45.0 23.3 
&0.0 2226 
43.0 21.3 
&5.0 2301 
44.0 19.1 
44.0 20.9 
45.0 2226 
45.0 2661 
45.5 2661 
45.5 2604 
46.0 2301 
45.0 * 24.0 
44.0 25-0 
44.5 2525 
44.0 24.0 
44.5 2324 
41.5 25.8 
&%2.5 2524 
43.5 2707 
43.0 2607 
43.0 26-8 
&2.0 272% 
&2.0 2628 
&4.0 24.3 

30 30 
51.2 2667 
46.4% orion: 
40.0 19.1 

1.52 2240 


1973 
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ACTIVE PASS 48 52 26 N 123 17 23 W 
JANUARY FEBRUARY MARCH 2975 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 44.8 2824 43.26 28.2 45256 2924 
rc 44.2 2861 4228 2822 4522 294 
3 42e7 282.5 &2el 2625 4505 29.8 
& 42.7 28.5 43.3 28.2 45.26 30.0 
e 41.2 2802 42.0 26 28 45.4 2924 
6 K1iek 28.5 41.2 2742 450% 28.8 
7 &2eil 28-5 Gie?7 2861 45-4 2723 
8 41.2 29.0 41.2 26.8 4&4. 3 2620 
3 40.6 28-5 41.3 28 24% G42 2627 
10 &0.2 27 e1 G1i.22 2603 44.5 2728 
11 43.0 2866 41.7 2628 G47 2842 
12 BuUe2 28.5 41.8 26-9 &&, 3 28.4% 
13 44.8 29.3 420% 27-6 44.7 2625 
14 45.0 29.3 42.8 2726 4522 27.7 
15 457 30.0 4&3eoil 2825 4525 28.6 
16 4502 29.9 43o7 28.25 45e2 28.9 
et &5.2 2929 G44e2 28 02 45.7 28.8 
18 4&e7/ 29.5 4306 28.9 46el 29.9 
19 Lig? 2967 &3Ze2 27 ot 45.8 29.3 
20 Ghee? 29.9 &2.9 26-7 45.8 2967 
et Gu 3eo7 2925 42e7 2667 44.5 29 4% 
72 4329 2925 4208 28-8 44.8 29e1 
23 43.8 2967 43.2 28.6 44.6 28.4% 
24 G&5.3 30.4% G33 . 2702 45-9 28.9 
25 42.6 29%5 44.7 2539 4522 2544 
26 42.2 28-1 43e2 28 2% 45e7 2601 
27 42.8 28-5 44.7 28.6 4662 2629 
28 &2.8 27.8 45.0 28.9 46.6 26.0 
29 42.3 2767 0.9 0.9 44.7 28.8 
30 43.0 2728 0.0 0.0 46.3 28.8 
31 43.2 2728 0.0 0.9 462 28.5 
MEANS &I3o% 28.8 42.8 27.26 45.3 28.3 
OBSVNS. 31 31 28 28 31 31 
MAXIMUM 45-7 30.4% 459 28.9 46.6 30.0 
MINIMUM 40.22 27 ei 41.2 2529 44.2 2544 


STO.DEV. 1-50 2 84 1.09 2 87 °65 1.31 


igs 


ACTIVE PASS 48 52 26 N 129 47 23° W 
APRIL MAY JUNE 1973 
DATE TEMP SAL TEMF SAL TEMP SAL 
1 48.2 2726 48.7 29.29 5326 27 a4 
2 4728 28 el 48.3 29-5 51.7 2961 
3 46.9 29.0 48.2 30.7 5222 29-5 
& 47.3 2828 49.6 30.9 51.7 2825 
5 47.2 28661, 48.2 29.7 5267 28.8 
6 46.3 2520 48.3 30.3 51.2 28.8 
7 45.8 27.8 46.0 29-5 51.8 28.8 
8 &7.2 28.6 48.6 29.8 5226 29.9 
9 47.2 280% 48.7 2923 54.4% 29.3 
10 47.7 ; 2728 50.25 26-0 58.8 10.7 
ii 47.8 29.0 51.2 27 04% 54e2 2723 
12 50.6 28.90 51.6 28.9 53.8 28.9 
13 50.0 — 2620 49.7 29-3 5224 2924 
14 491 29-1 S1.€ 2702 51-7 2923 
15 48.7 28.9 49.8 2928 50.6 2967 
16 47.5 28.9 491 30.6 50.6 29.7 
ig 4 47.6 2901 50.3 30.3 51.8 27-26 
18 46.8 2961 51.9 28.1 49.5 2924 
19 48.0 29-7 50.7 2825 50.8 2907 
20 49.1 29.7 51.5 28.8 55.0 23-0 
Gi 48.2 2629 51.2 28 ol 5563 2545 
22 47.5 28.9 51.7 2901 60.1 12.2 
23 47.8 282 49.7 290% 58.2 18.8 
24 47.7 24.4% 47.8 30.3 51.9 2925 
29 48.0 28.4 51.8 23-5 5562 2723 
26 481 28.8 51.0 2529 5607 2726 
27 49.0 2620 5122 2826 54.8 2923 
28 50.8 2667 5601 8.4 62.2 15.4% 
29 &9.7 2924 5328 25-0 61.8 12.90 
30 49.2 29-3 57.7 12.9 60.2 13.9 
31 0.0 0.0 54.5 2528 0.0 0.0 
MEANS 4Be1 28e1 50.7 27 o% 54.2 2567 
OBSVNS. 30 30 31 31 30 30 
MAXIMUM 59.8 29.7 57e7 30.7 62e2 29.9 
MINI UM 45.8 2424 4728 B 4 49.5 10.7 


STD.OEV. 1.18 1.34 2237 & 85 3253 5294 
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ACTIVE PASS 48 52 26 N 123 17 23 W 
JULY AUGUST SEPTEMBER 1973 
DATE TEMP SAL rea P SAL TEMP SAL 
1 5522 2723 5623 28.8 5426 2607 
2 5402 28 «4% 61iel 2345 5607 2628 
3 53.3 28.6 58.8 2607 58.2 171 
& 531 2842 58.2 27 4 59.3 23-5 
5 53.2 2726 SOe 2 23.9 61.7 24.2 
6 52.7 28.4% 59.0 fal. aie 54.6 28.0 
" 53el1 2825 She 5 2723 59ei 2703 
8 54&e2 28.9 56.8 291 54.1 28.1 
9 5365 29-3 68.5 26.0 5722 28.0 
10 55.0 29.0 61.8 2629 58.2 26.3 
11 5523 2707 65-8 16.5 54.2 28.0 
2 6202 14.9 66.2 20.3 59.6 25.0 
13 64.7 18.0 b4e2 2528 58.2 2661 
14 6402 19.9 58.7 28.4 57.23 27.28 
15 63-7 20.3 60.3 2702 5601 28.0 
16 61.8 2520 5628 2828 56-7 2723 
17 590% 2628 5528 28-5 55.2 28.0 
18 5924 2604 57e1 27 8 55.90 29.3 
19 58.3 27 el 57.7 2526 516 2929 
20 5625 27-6 5602 27 26 51.8 30.0 
21 5667 20e7 5529 27.23 51.7 30.3 
ae 552 2722 54.7 282% 5207 29.9 
23 54.9 282% 54.2 2822 53.7 27.8 
24 54.3 28e1 5267 - 2928 5202 30.2 
oo 54.2 27-6 568 2846 54.7 2628 
26 63.2 16.3 5542 29-0 52.3 e9e3 
27 64.8 15.3 5207 30.0 5323 2824 
28 5902 2663 52.20 2904 52.3 28.6 
aga 570% 269 54.0 2961 50.8 2947 
30 54.5 28.4% 533 28.5 51.0 2728 
31 53.8 30.0 58.2 2429 0.9 0.9 
MEANS 57o1 2528 5729 2609 5501 2725 
OBSVNS. . St 31 31 $1 30 30 
MAXIMUM 64.8 30.0 68.5 30.0 61.7 30.3 
MINIMUM 52.7 14.9 52.0 16.5 50.8 17.1 


STO.DEV. 3299 4.38 4.06 2-90 2293 2259 
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ACTIVE PASS 48 52 26 N igs. 17-23: 
CCTOBER NOVEMBER DECEMBER 1973 
DATE TEMP SAL TEMP SAL TEMP SAL 
a Seoul 272 47.7 23-9 Gheit 25.5 
2 51.6 28.2 GBe2 271 45.6 28.0 
3 51.8 28.2 47.8 28.5 46-0 28.8 
s 52.3 28.1 45.9 2961 - 44.9 28.5 
5 52.3 28.8 46. 8 29.0 45.3 28.5 
6 52.7 21.3 46-8 2924 474% 2967 
7 53.1 2726 47.0 2924 &7eo1 2967 
8 5229 28-5 46.8 28.9 45.2 28.0 
9 51.2 29.0 44.5 24.2 %&2.9 22-5 
10 50.7 28.9 46.3 2501 B5e2 26-7 
i1 59.8 29.0 47.6 26.7 46.3 2967 
12 50.3 29.0 473 2747 4628 30.4 
13 50.7 296% 474 2904 46.9 30.2 
14 49.90 28.9 46.9 29.0 4602 30.7 
15 49.26 250e5 47.8 29.7 4T7eol 30.3 
16 49.2 29.3 47.8 2965 46.8 30.6 
17 50.2 262-5 4522 25 0% 45.6 2767 
18 50.7 26.7 4306 2367 45.3 28.1 
| 50.0 29e1 44.7 26-5 45.2 28.1 
20 50.8 28.4 &7el 28.9 4663 2923 
2i 50.4 28.1 45.8 28.5 45.2 27.3 
22 50.7 28.0 45.6 27 4 G5e7 29.0 
23 50e1 Aref G&.7 28 24% 4507 28.8 
24 49.26 2901 4521 2629 45.9 2927 
25 49.7 29-0 4523 2726 44.8 28.5 
26 4922 2924 && 7 28.1 44.7 28.4% 
27 &9.2 29.8 45.0 2822 43.28 2667 
28 49.0 29.3 46.7 2359 44.6 2961 
29 48.8 2626 46.3 2923 * 43.4% ae A ey 
39 4Be7 29.0 46.3 29-8 G2.3 2522 
31 46.6 List 0.0 0.0 42.3 RE EO & 
MEANS 50.5 28.90 46.3 27.8 45.3 282% 
OBSVNS.e ad 31 30 39 39 30 
YRLY MEANS cccccc ccc cece cescre cece ercearcevecececesecons 49.8 27.5 
MAXIMUM S361 29.8 48.2 29.8 G7. % 30.7 
MINIMUM 46.6 21.3 43.6 2307 42.3 2225 


STO.OFV. 1.48 1.98 1222 1.80 1. 30 1.78 


SS; : ay 
nu a 


‘#ehMaAae0 


seh ane 


Sees 
@.6$ 
#.8S 
£, 88 
24.85 


ShST 


rePe 
8 ace 


Troe | 


Pine 
Adee 


Bite 


‘pote 
ME Op 


Py S4 
Lass 
toe 


BF oan 


hyde 


3 Pi) s 


Pere. 


: aes 

teh e 
* as 

3 Ae 


on td 
" 


:} 
4 a 
fue 
f a ry Ps) 


is So) 


» ¢e8 & 


me We ba 
) Pea 


aaenawow “yh” 


she “aat 


>.FS ‘ya5 


bees 
reXS rie a 
#35 \ see 
PL as “ti2e 
@arv5 uve 
RS ot 


ees ted 


ees 


é 


TVES asthe 


‘e.7 SO JF 


nih 


C.es 
‘ers 


“we 


‘20 28 es be a 


Be 


f 
eg bn 


75 


Annual Graphs of the 7-day 


normally-weighted running means 


1973 


Temperature 
and 


Salinity 


76 


pare es oh ao. SID 4 oN. ACW sab dol ae ba ems Eh as 


Zeng a te = t af {—__. i a CQ 
OST 
ele 1 L | cle L L ae 6% 


Pei ie Wa be a ONHIST HYNBONHT 20 


77 


47 ge 2 a) ee eS ae a ob UW aS NOT: 92 
es 
Joon 
eee 
one : 
ce 
Sea Unc 
_ ci eid minimii 
VE VE 


SABE Nee Sisto Sep ONGIS I BapoNs. | 


78 


6 Bees en es fk See, 


ee 
4 
aft 


i 


1 


1 


= 


a 


op Nommel shred: Mek mam aio! 


os 


ae 


HTTINOG 20 


v9 


Oe ee ee ONY AO ea Gun eee ONT 


ees WG 
GO ae 
uae VS 
=a O¢ 
io aanae 
OE cia OE 
ho meee 
54 cana alee as a 
SSeS S zane e 


SNE Se £6 BENS PRBS Baw oie AMEE SS 


80 


(D a CN os 
uboe 


Ydb 


UUW 


| 


— 


ai 


Bile 


1 


mathe 


| 


aS 


CyuNnibdsdWal cébl 


O€ 
SE 
OV 
Sv 
ais 
ois 
OS 
sic 


She 


INHISI SINNIDW 30 


81 


pat — A a ed SO ee eNO mh Set EW es eG 


OZ OZ 
ae ae 
v2 Tig 


See 


BC 


&re 


GE 


| 
aceue 
inae 
eet | 


Se ea dG e175 | Gy tombe emcee) ied. 


ae 


ee 


ie eos 
i 


Eo 


432 


\ 


y " ) 
or : 
A lL om ek a 


eb = bY ~ip 


= -¢ ~*~ 
Kun ede 
ets 


oo 


8 


AJ 


— 


ye 


j= 7 — 


as 
t 


f 


SS SIRI 
- ll ee 


e- 
> 


——- a ——ee 
é 
‘ 
j 
: 
PM Y tans | 
ed 
tt li cee teniieationdl i eee eee 7 nla 


83 


aoe, Ae IOs -dae bi oe Sie A te SS eS Se NEP 


Ut 
4s 
UV 


oe 


Ce Sea Ra 


+ 
| 
\ 


ips 


 Sawee via 
: RIAA 


Sg 


OL 
SAuNLodsaWNal eLbl SSWuP LS Adbd Ab 


84 


' fi mw GN co 


+ 


+ 


4 


oe 


rt! 


= 


% 


aadb= 


SaunlbdsdW4al e261 


Ut 


ne 


UV 


=n 


bis 


he 


wise 


sf 


she 


ANHES toe) ia 


85 


Ja NON) 150° 43S 488 45F Ne cen Ba «eat eo NG: 


86 


ran 


daS fb 


cle 


NAP 


Nbr 


me 


= 


i> 


1 


a's 
dal ect 


zile i 


ee G NSA eed 


GNb 1S] 


INId 


S35 


OL 
Ag 


87 


Sater i [op cab! 


UNG IS] 


Ei\ee 


88 


Ce Dees ORL a Rees 


sai 
Sauaaras isle 


(3) 
Lid 
Ca 
az 
c 
tle 


qacr Tons Toler Shp ACK 


MYdy YbW -Gs4- -NE- 


—}——_— 


ae on OV 


oY 


Ri 


>) 


ce ] ae toa 645 


= cae 


OY 


ote 


OL 


SduNnLbesdhWsl Sener 


GNHISI SNIYM Jo 


89 


Spore wl 


SNIb™ 


90 


ho we Sha See dt NAP 


ee 
s ‘Se Palen EONAR 
V —- oe i. =e se ——— — sa 
as 
|. ues 

2 Tan 
chez: | |__| ; { —__;___ 
aff 

ae UA eat 2. L L a 
ree 

i. + —_}_—_——— 


SGN SdWSl E46! 


Be 


OV 


Sik 


ans 


aie 


os 


a 


Oe 


prea 4 ai Teel lea Wo Ao 


91 


330 AON jiee apne Sar NYP 


=eeu ReneS 
EECEEET TE 
| | 2S SeR0RRR 
Pe i alt 
Sees 


op ee lbs by al De eater og al LN Ua Peal THe 


02 02 


GC OS 


VC VC 


Bie I< 


o54 


Ute 


ous 


Vo 


S39 -T 43h) fhe. 


hw 4 eae 8 


r 


« 


ee ees 


ae 

aan Y 

om a 
a 7 


| ¥ 


ae aie! uA 


eps ral 1a eae Farle as 


Cmec tl wonien FOENT 


Ca 
Cee 
TS 


NOV. DEC 


dae 


Mak ARR MAY dUN Jub Bue See 


Fie 


94 


CO ea OND 


AON 


LJ 


Ba ce 200 


Fee 


aids 


NAP 


UW 


Md 


dow 


Ut 


7 


+ 


aa 


4 


=i 


i 


i 


seeecoak 


saan LB ae lai) Seiten 


NS 


eyaoy | SOuMs eo 


95 


S20 en se ga an er OR CPE See Se eee = 
Ug 


2S 


3 


3S 


ke 


ie 
SEEN 6G 66] By ag 


(ee A os ee 


96 


GSU base wet ewes el 


Ut 


She 


Cy 


Sa 


OS 


Sys 


97 


Oar EL BLIANELES feed el 


MbW G34- Ner 


JUUNW ddoJ 


98 


Cf a> SG NCNT et 


aa 


fe (es = 


&9 


L | L 0 L. 


SaunlvdsadWal eELb! 


NEA See SS ato 


ag 


Ae OG. 


J RN = De atl sept = eta lr el ae ce eo 
ae 
Sao ae ee 
che | i | i 
a a 
SES eeeee 
. = 


SE ee GB ele pershsr sre rcerheiiss ales 


Ud 


OS 


Vo 


I< 


3 


igs 


GE 


Ve 


100 


eae Newer aed Ge ee NI 


= as 


—- sve 


s 
2 ete 
v T ies cee OV 
: | 
: ay St 


ws 


Sie 


CO (D 
— 
ets 
<= 

=| 


ES 


aie 


S4uNnLbYNsdW4l ELbI 


ore 
CNH S SHG St 


~ 


Paes Steph eireo 


CHRUME TOLLAND 


101 


NOV DEC 


OCT 


N= il Athy oe 


BPR: ey 


PEE Saar 


JAN 


102 


CO SE GS ie Bis) 


Se on eS SS age 4 Nt ABWM dao Hewe Gas 
T a er 7 
i oe <6.) te oboe. a! 

Sar | a ee ee 

(GS aa | 

\ 

i} ' 


fe 


ie 


| 22 


oh 


CqMALYYSdW4l e461 


Ute 


sy 


UV 


SV 


OS 


aie 


OS 


ove 


Us 


ANHTS1 JONBYING 0 


103 


gene A de i I Ne... Le Boe - ee ee NF 


Sel agentes oto UND IST SINBYLNG 


104 


Apaw (908 das, Sie Tt NAVE 


ABW 


Maite Mii Gate bhi 


O& 


ao 


OV 


SV 


OS 


i ay + 


Sat 25 i se L | 


36 


SdaunibasdWst eden! 


a ee Vs 
LHYG SNALMHdSO 2 


105 


Sete Sa SE 


AGES ata 


106 


Poe oN oS oe a EAL yp ea 


HOW oa A er 


oe 


Ste 


CEJ MP Sek SES Yap) 


UV 


SV 


SS 


OS 


=F L sah 1 


ao 


SauNnlbdsdW4l e€fbl 


—.——1 OL 
SCHd JATLOW 40 


107 


Sede S <= 6 | 


Spo Ch away 


| 
watts 


ae 
YY 


= 


r4i 


a=5 


: \ , 
Ln fn! - tote “© 
4 4 
2 1] 
| 
; 
——— = Al jen ee 


__ 
t 


en een? 
* ‘ 
i 


a 
— oh page oa 
be Z . re 5 . 
- Be ae ‘a 
4 pr d 
i" ; 


ve » emus 
=e apr 


; "Government 


_ \ Pyblications 


; m4 
; / 
’ c 7 
en 
"4 ean 
ce s e 
7 } 
as SN 
ee > 
4 re S 
4 
Sek 
( = AD 


CS He fant 


er 


‘2 Zbishak ries ae Marine 


part We ea t 


arine Sciences _ Directorate 


> ye s 


* Government Sh N 
"Victoria , BC = 


so ns ge a Sy Ee a an noe sere panes eae 
‘5 ee eS a: fm 


MARINE SCIENCES DIRECTORATE, PACIFIC REGION 


PACIFIC MARINE SCIENCE REPORT 74-12 


A SUMMARY 
OF 
RADIOCARBON MEASUREMENT PROCEDURE 
AND 
ELECTRONIC OPERATION 
OF THE 
OCEAN CHEMISTRY RADIOCARBON DATING LABORATORY 
LOCATED 
AT 
B.C. RESEARCH 
3650 Wesbrook Crescent 
Vancouver, B.C: V6S "22 


CANADA 


A.B. CORNFORD & C.S. WONG 


VFotoriay ©B..65 
Marine Sciences Directorate, Pacific Region 
Environment Canada 


October, 1974 


This is a manuscript which has received 
limited circulation. On citing this report 

in a bibliography, the title should be 
followed by the words "UNPUBLISHED MANUSCRIPT" 
which is in accordance with accepted biblio- 


graphic custom. 


Acknowledgments 


This report is a simplified description of the details necessary for 
a working knowledge of the Ocean Chemistry Radiocarbon Laboratory at the 
B.C. Research, Vancouver, B.C. 

The facility was installed and put into operation under the super- 
vision of the authors and under an agreement between Environment Canada 
and B.C. Research, Division of Applied Chemistry. The agreement allows 
B.C. Research to sell radiocarbon counting services to other clients, 
once the needs of the Ocean Chemistry Division, Marine Sciences Directorate 
F and MS, DOE have been met. The equipment in the laboratory is the 
property of DOE. 

Thanks are due to Drs. G.S. Bien (La Jolla Radiocarbon Laboratory), 
Minze Stuiver (University of Washington Quaternary Radiocarbon Laboratory), 
James A. Lowden (Geological Survey of Canada DEMR Radiocarbon Laboratory, 
Ottawa), H.G. Ostlund (Miami Radiocarbon Laboratory), without whose advice, 
assistance and encouragement the laboratory would not have functioned. 

Ron Bellegay, of the Ocean Chemistry Division, MSD, was instrumental in 
acquiring the majority of the laboratory materials and Don Sullivan of 
La Jolla designed and pretested several of the electronic component 
modules. Computing was performed by Cliff Morgan of the Ocean Chemistry 
Division. Thanks are also due to Dr. M.L. Parker (DOE Western Forest 
Products Laboratory, Vancouver), Mr. E. Packee (Macmillan Bloedel Ltd., 
Nanaimo), Dr. W.S. Reeburgh (University of Alaska Radiocarbon Laboratory, 
Fairbanks), Dr. J.A. Lowdon and Dr. Minze Stuiver for supply of radio- 
carbon samples and standards. The assistance of the B.C. Research Shops 


Staff, Applied Chemistry Staff, and the technical help of Mr. R.D. Clyne 


were appreciated. 

We are especially appreciative of the willingness of Dr. Minze Stuiver 
to permit use of his unpublished design and for truly unselfish donation 
of his time and expertise. Without his assistance the laboratory would 


definitely lack its present quality. 


Alan B. Cornford, 
C.S. Wong, 
December 1973. 


13. 


TABLE OF CONTENTS 


Acknowledgments 


List of Figures 


List of Tables 


f. 


The Counting Facility 


ie 
ie 
Bg 
14 
LoD 


Location and Dimensions of the C-14 Laboratory 
Shielding Materials 

The Guard Counters 

The Sample Counters 

Electrical Components and Characteristics 
1.5.1 General 

1.5.2 Counter Electronics 

1.5.3 Guard Ring Electronics 

1.5.4 Anticoincidence System 


1.5.5 Optimum Operating Parameters 


Operating Characteristics 


20d 


Pee 
Pe) 


Establishing an Optimum Operating Point and Sample 
Purity Check 
Barometric Effect 


Pulse Height Analysis of the C-14 Beta Spectrum 


Chemical Processing and Operating Procedures 


Suk: 


ine 


Carbon Dioxide Preparation and Purification 

Seok cO., Preparation Lines 

3.1.2 Wet Line Purification 

3.1.3 Final Furnace Purification and Radon Removal 
3.1.4 Counter Filling System 

Daily, Weekly, and Monthly Counting Procedures and 
Data Collection 

3.2.1 Daily C-14 Measurement Routine 

3.2.2 Weekly and Monthly C-14 Measurement Routine 


List of Precautions for Radiocarbon Laboratory 


Operations 


Results, Calculations and Interpretations 


4.1 


One-Liter Bien-Type Stainless Steel Counter 


OF I) (Gy CONE 3B oe eS 


a ee oe 
EF oO 


aa 
14 
16 
16 
1 
Vy 
i | 
18 
18 


ine 
9 
ral 


21 
Ze 
Ze 


Lit 


Contents cont'd. 


4.2 0.4-Liter Stuiver-Type OFHC Copper Counter 


4.3 


4.4 


Appendix 


Al 


iy 26 
4.242 
4.2.3 


Background Count Rate 
NBS Oxalic Acid Count Rate — 
C-14 Dendochronology and Historical Tree 


Ring Dating Comparison 


1-1/4 Liter Quartz-lined Stuiver-Type OFHC Copper 


Counter 


0.4 Liter Counter (After Replacement of Anode Wire) 


WG 


4.4.2 Redetermination of Barometric Dependence of Count 


Radon Contamination 


Rate 


Revised Operation Procedures for Ocean Chemistry 
Radiocarbon Laboratory 


ALel 


Preparation of CO 


Preparation of CO 


Preparation of CO 


Acidified KMn0, . 


Using Parr Combustion Bomb 


D by Oxidation of Oxalic Acid by 


2 


9 by Vycor Tube Combustion 


Wet-Line Purification of CO 


Z 


Hot Pt-Asbestos and Cu Furnace Purification plus 


Radon Removal 


References 


Aé.1 
A6.2 


General References 


Instrumental References 


ae 


28 
29 
29 


29 


69 


69 


70 
70 
70 


yah 
42 
72 
#3 


Number 


\Os 2 00" ESF Ose Ci) =e 


10 
bt 
12 
3 


14 
iS 


16 
to 


18 


AS) 


20 


21 


iv 


LIST OF FIGURES 


Description 


Floor Plan of the Radiocarbon Laboratory 
Configuration of the Shielding Materials 


Double Anticoincidence Guard Ring, Lead Shielding and 
Counter Assembly 


34" Multianode Cylindrical Guard Ring Design Plan 
Bien-Type 1-Liter Stainless Steel Counter 

Stuiver-Type Quartz-Lined Proportional Counter Design 
0.4 Liter Counter Anticoincidence Guard Ring Assembly 
Counter Input Pulse Height vs. Discriminator Threshold 


Counter Cosmics and C-14 plus Background vs. Discriminator 
Threshold 


Counter Preamplifier Gain Characteristic: Discriminator 
Pot Setting vs. Input Pulse Height 


Counter Amplifier Output Characteristic vs. Input Signal 
Intensity = 


Determination of Optimum Operating Point Using a Variable 
Energy Window 


The Decay of C-14 and Approximate Sample Purity Determina- 
tion 


Electronic Flow Diagram 


: 60 a ole 
Purity Determination: Total Co and Anticoincidence 


co°? vs. Energy (HV) 


Purity Criteria Effects: Count Rate vs. Energy Profile 


Variation of Plateau Slope with Sample Residence Time in 
Counter. 


Decrease in Absolute count Rate with Impurity Build-up in 
Counter and Plateau Slope Resulting From Impurity and 
Counter Geometry 


C-14 plus Background counts per minute Variation with 
Sample Residence Time in Counter 


1/2 Plateau Height vs. Sample Residence Time in Counter 
(No Correction for Barometric Effect or Possible Radon 
Content) 


1/2 Plateau Height Purity Check Results 
ay 1/2? Plateau comms. H.V. 
b) No. of Samples vs. 1/2 Plateau Height 


List of Figures cont'd. 


Numbers 


Ze 


2a 


24 


uo 


26 


27 


28 


P| 


30 
ab 
a 
2) 
34 


35 
36 


37 


38 
a 
40 
4] 


Description 


Inverse Relationship of Cosmic Ray Flux vs. Barometric 
Pressure 


Variation of Counter Cosmics and Counter Background with 
Time 


Variations in Cosmic Flux and Background with Time and 
Barometric Pressure 


Ring Cosmics, Counter Cosmics and Background vs. 
Barometric Pressure 


Profile Energy Shift and Varying Sample Pressure; Guard 
Ring Profile 


Uncorrected and Barometrically Corrected Background 
Profile Before Insertion of Neutron Moderator-Capture 
Shielding 


Histogram of Number of Pulses vs. Energy of Counter 
Preamplifier Output 


Profiles for Double Anticoincidence Assembly and Associated 
1-1/4 Liter Stuiver-Type Counter 


Carbon Dioxide Preparation and Purification System 
Carbon Dioxide Storage and Counter Filling System 
Variation of Background with Time (From Radon Decay) 
Background Count Rate vs. Barometric Pressure 1,2,3 and 7 


Background Count Rate vs. Barometric Pressure 1 + 2 and 
NG Pee ie ait 


Background Count Rate vs. Barometric Pressure 9,10 and 16 


Background Count Rate vs. Barometric Pressure 16-7 and 
97% 10+and< 16 


NBS Oxalic Acid Count Rate vs. Barometric. Pressure 1,1 + 2, 
S9and 2339 25786 

Intercalibration Sample QL-202 Count Rate vs. Barometric 
Pressure 

Background vs. Barometric Pressure Plots 

NBS Oxalic Acid Standard vs. Barometric Pressure Plots 


Intercalibration Sample QL-202 vs. Barometric Pressure Plots 


Number 


a: 


12 


vi 


LIST OF TABLES 


Description 


List of Shielding Materials 


Guard Ring Flow Counter Materials (0.4 Liter Counter 
Assembly) 


Ring Requirements to House Stuiver-Type Counter (1-1/4 
Liter Counter Assembly) 


C-14 Electronics List 


Uncorrected and Barometrically Corrected Plateau Charac- 
teristic Profile for Anthracite Coal CO, Background 
Preparation 


Daily Counting Data For Two Counters and Effect of Partial 
Neutron Moderation and Variations in Barometric Pressure 


Background Magnitude and Reproducibility Involving 
Successive Multiple Counting of a Single Sample; 
Repurification and Recounting of the Same Sample; and 
Consistency Between Different Preparations of the Same 
and Different Background Samples 


Determination of the Consistency and Magnitude of the NBS 
Oxalic Acid Standard Count Rate for the 0.4 Liter Stuiver- 
Type Counter System 


Correlation of C-14 Dendochronology and Historical Dating 
of Six Tree Ring Samples 


Magnitude of Barometric Effect and Corrected Count Rates 
Optimum Operating Parameters 


Data Reporting Format 


yattt &, y 


ers oy . a ae | e i oe ca va i 


¥ 


note’ 
ais — 3M 4 pat biakste a4 eb wi mar igh 


adit | 
ti wT “° thik he ; Cw mead Coy batt _Jocrarout 
hat bogs WoL, an pyau 


wel: _, beldenwe aan vA 
wake 3 Linge: aad ha chee Pr) with Time om 
HOBOR ay atramets bupar ants eu 


ht eeR EFS ROM HAR LA 


"det! adtaossoelF Resi . ua : 
4 Vexving Sale Pressure, Guard’ \ 


ut yr @e ata ba! 


6 


Abt « vas . 
[aotasanousd base boo oartoont | 
Ue et Le baaaes JEABREP Po cka ro nd 

’ LS atrtas. (af. £7 HiormCaptite 


! 


owl rod art gittavod «lad | ; in 
gav Daal we be yom | eotttte wit oie idea ‘e 


j! 
4 i , fe ; 
: , + 7 Ot i garie ‘ 
OD. tig eee alo aah ty gr Aeeond 


‘Sree Sh y 
bays Beha 49: We 


t 
rr 7 ; r * 5 3 ar 
PIA ISA OS a $e5h% -' ig OF - 
; -t a tans: ae arakeon ©) sre 


; ‘ . 


a oe ye we ‘a De 5 ; : 
C0003 PLA FOROS TGR a siersadag ae ; 
bird: BL ae ra ee and 7 


hee ' 4 ' uy " ae Ved Ge 
NSteve Foam.’ eS : . 
5 j a w , a f ' 
ha Lo -reneura 4 - 2h |. 


be o 7 
mieheed? {-) to milselessou F . 
er a) ee a Rey oe Py 
Agi ques Bl a det Cae ekiure 7.10 and 46 
¥ inn by hae add 09 Roe 7 ita 
ies in rctet be (aturragamure 16-7 aad OL 
THSING IE 8} fit, Ass a2 fits was, re speute tha 


: a 


tEurro% gotazogal s780 
“tut? Count Rete ve. Barowetrse 


el , “0 te 


a vo. harome tric, Pressure Plots 


i. Vila WYoOwsCts sc iy egsure . 


nA ee iy, 


1. THE COUNTING FACILITY 


1.1 LOCATION AND DIMENSIONS OF THE C-14 LABORATORY 
The C-14 facility is located on ground level at B.C. Research 
on the University of British Columbia south campus, 3650 Wesbrook 
Crescent, Vancouver 167, B.C. The counting and preparation sections 
of the facility are to be air conditioned in order to remove furnace 
heat, to maintain the counters at constant temperature facilitating 
reproducible sample filling conditions, and to ensure consistent and stable 
operation of the transisterized electronics. 


A floor plan schematic is given in Figure l. 


1.2 SHIELDING MATERIALS 
Figure 2 illustrates a cross-sectional isometric of the front of the 
shield arrangement indicating the present dimensions. The minimum thick- 


ness of shielding materials is summarized below: 


MINIMUM 
MATERIAL THICKNESS WALL 
Lead brick 8" Floor and end walls 
LO” Side walls 
1 Roof 
Pre-war steel sheet 3/8" Roof 
Paraffin ay" All walls except front 
30% borated polyethylene ap All walls 


A list of the materials, including specifications, approximate 


quantities involved, and suppliers appears in Table l. 


The shielding produced by the 4" concrete building roof is minimal; 
however, 8'' (minimum) of lead (approximately 3.5 dpm/100 em“) reduces the 
detectable radiation from the concrete walls and floor, and attenuates the 
cosmic ray flux by approximately 1/3; i.e.,the resulting meson count rate 
registered by the 13'' long guard ring is reduced from 1000 cpm to approxi- 
mately 350 cpm. These values are proportionately greater for both segments 
of the larger 34" guard ring, (Figure 29). A paraffin liner thermalizes 
the nucleonic cosmic component from the atmosphere, building, and lead 
shielding and the adjacent 30% borated polyethylene inner layer effectively 
captures the majority of these slow neutrons. 

This incorporation of neutron moderator and high-capture cross-section 
material reduces the residual background of the 0.4 liter counter by 
approximately 0.43 cpm (from 1.80 cpm average to 1.365 cpm) and simulta- 
neously reduces its barometrically dependant component. | 

The inner shield dimensions (approximately 40" long x 10" high x 14" 
wide) are sufficient to house both a 0.4 liter and 1-1/4 liter counter with 
respective guard ring counters. The larger counter has additional shield- 
ing from a 1 em thick x 36" long cylinder of extremely radioactive-free 
lead (approximately 0.07 dpm/100 ae in an OFHC copper container. This 
is incorporated between the counter and the newly designed double anticoin- 
cidence guard unit. (OFHC = Oxygen free high conductivity.) 

Provision has been made for five preamplifiers in the front of the 
shield. Entry for viewing or repair is possible at present only by 
manually removing the lead blocks from the front wall after first lifting 


a polyethylene dust cover. 


1.3 THE GUARD COUNTERS 

The cosmic ray guard rings are concentric-wall multiple-anode cylin- 
drical condensers utilized in the proportional counting mode, and operated 
in a continuous flow atmosphere of quench (Q-) gas consisting of 98.7% 
helium and 1.3% butane. The dimensions and construction materials for 
each are listed in Tables 2 and 3, and a schematic of the unit that shields 
the larger 1-1/4 liter counter is given in Figure 3. Care has been taken 
to use only those materials’ having very low radioactive contamination in 
all phases of the construction. In all cases materials of the same or 
inferior quality employed in existing radiocarbon facilities have contri- 
buted only a very small part to a total background count rate of the order 
of 0.5 cpm/liter-atmosphere. 

The anticoincidence guard ring assembly arts rstalea 0.4 liter copper 
counter registers a count rate of approximately 350 cpm while situated 
horizontally in the middle of the shielding arrangement. This unit 
(Figure 7) was constructed by the Department of National Defence Dockyard 
Machine Shop in Victoria in 1972. The only additional modifications 
necessary included machining a surface layer from the exposed inner cylin- 
drical surfaces, cleansing with solvent and distilled water, and stringing 
the 0.002"" diameter anode wire before assembly. 

The larger 34" long double anticoincidence unit associated with the 
1-1/4 liter counter has a design slightly modified by the author from 
that of the smaller guard. It was machined by H. Klassen in the B.C. 
Research Shops. The unshielded operating count rate is in the order of 
3000 cpm for both segments which are individually vacuum sealed from each 


other and function independently, (Figure 29). This unit lies horizontally 


beside the small counting assembly (Figure 2) and exhibits a shielded 
detection of approximately 1200 cpm in each segment. There is provision 
for a 36'' cylindrical OFHC copper container filled with lead inside the 
inner guard into which is placed a polyethylene insulating liner and the 
Stuiver-type quartz-lined OFHC copper counter. The design and construction 
details are presented in Figures 3 and 4. The capabilities of this larger 
unit have not been fully determined and will be reported at a later date. 
This arrangement may prove satisfactory for double-anticoincidence 
guard ring reduction of background and also provide a quantitative measure 
of the gamma contribution in the background passing undetected through a 
single-stage guard ring. Potential exists for utilization of the inner 
chamber as a large volume counter with shielding provided by the outer 
segment operating as a guard ring, if suitable precautions are taken to 
limit outgassing of the assembly components. Great advantage may also be 
possible if one of the segments is operated in the usual proportional 
counting mode capable of detecting alpha and beta radiations while the 


other segment is optimized to be especially sensitive to gamma radiation. 


1.4 THE SAMPLE COUNTERS 

Preliminary system testing was performed using a 1 liter (approximate 
effective volume) stainless steel counter from the La Jolla Radiocarbon 
Laboratory of Dr. H.E. Suess and Dr. G.S. Bien. The counter design and 
construction have the same essential features as that used at the GSC 
Radiocarbon Laboratory in Ottawa as illustrated in Figure 5. The residual 
contribution to the background from radioactivity in the counter materials 


was reported by La Jolla to be 4-5 cpm, however, due to improper shrouding 


of this counter by the smaller anticoincidence guard ring, a total back- 
ground of approximately 9 cpm was obtained (see Table 6). 

During the test time-interval a smaller 0.4 liter OFHC copper counter 
was machined by both the author and H. Klassen using a design and materials 
list kindly supplied by Dr. M. Stuiver (unpublished communication). The 
dimensions of the existing guard ring and the available counter materials 
did not permit insertion of an intermediate cylindrical lead shield 
between the two. An illustration of the design is presented in Figure 6 
(with permission). It should be noted that care has been taken to avoid 
materials that outgas volatile substances previously shown to contaminate 


and reduce efficiency with CO, gas counting. 


Z 
A second larger OFHC copper Stuiver-type quartz-lined proportional 
counter has been constructed (1-1/4 liter effective volume) and is presently 

being brought into service. The characteristics and shielding for both 
copper counters have been optimized to the best knowledge of the author, 
subject only to material availability and limitations. The major short- 
comings of the smaller 0.4 liter (corrected for the 1-1/4 liter counter) 
unit are: i) lack of a quartz liner (inner surface tin oxide 
coated for electrical conduction) to minimize production and detection of 
Compton and/or photoelectrons at the inner counter surface, ii) a non- 
optimal counter length-to-radius ratio, iii) absence of a cylindrical 
lead shield between counter and guard, and iv) use of brass alignment 
screws. All-metal Nupro bellows high vacuum valves seal the counter from 
the filling system. 

In keeping with earlier electronic design limitations and high 


voltage stability requirements, the potential difference is established 


between the anode collector wire (0.001"' diameter hard drawn stainless 
steel) and tin oxide coated quartz tube inner surface (inner copper wall 
for the 0.4 liter counter) by application of the high voltage directly to 
the outer casing. For electrical insulation, the counter cylinder is 
placed within a 0.030" thick double layer Teflon sheathing and a Kovar- 
to-glass seal installed in the gas filling line. It has been noted that 
care must be taken to ensure the cleanliness of the Teflon and the signal 
output BNC electrical connector to avoid leakage and detection of result- 
ing potential difference pulses. 

The more significant performance characteristics of the 0.4 liter 


counter are summarized in Sections 4.2 and 4.4. 


aR) ELECTRICAL COMPONENTS AND CHARACTERISTICS 
1.5.1 GENERAL | 

A summary of the electronic equipment for the C-14 counting system is 
listed in Table 4. The basic units and their specifications are shown in 
the flow diagram in Figure 14. 

The counter high voltage (HV) supply has an operating maximum of six 
kilovolts (general operation is 5600 volts), and the guard ring HV supply 
has a maximum of 2-1/2 kilovolts (generally at 1100 volts). The Sorenson 
voltage regulator (line conditioner) has previously presented several 
internal stability problems, however, recently no detectable line trans- 
ients or voltage fluctuations have been detected. Some high voltage 
supply instability was experienced after power supply overload on 
July 9, 1973, before its detection and repair. 


At a voltage setting of 4000 volts for a pure filling of CO, gas 
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to 2-1/2 atmospheres, no spurious counts should be registered over a period 


of several hours in either counter. Initial instability problems (result- 
ing in spurious counts) were solved by proper grounding of the various 
individual electronic components without introducing a series of ground 
loops with feedback or antenna characteristics. 

The Keithley Model 111 preamplifiers were modified at La Jolla and 
housed in OFHC copper. The preamplifier/amplifier/discriminator unit for 
the counter contains a Canberra linear-delay Model 859 and is modified by 
Mr. Don Sullivan according to the WSPS-2 post amplifier and pulse-shaping 
unit circuitry employed ai the La Jolla Radiocarbon Laboratory. The 
remainder of the electronic components are fully transistorized and have 
been incorporated into the system as received. 

An interface is presently being designed to utilize signals from 
selected scalar decatron outputs in order to activate the servo-magnetic 
driver-relay pen mechanisms of a 10-pen Esterline Angus event recorder. 
This will monitor the reliability of long count periods and eliminate the 
necessity for a second long count, a procedure similar to that employed by 
the GSC C-14 laboratory in Ottawa and the University of Miami C-14 


Laboratory, Miami. 


1.5.2 COUNTER ELECTRONICS 

The counter discriminator is adjusted to a signal threshold acceptance 
limit of approximately 2.6 mv (potentiometer setting of 7.50 turns). The 
optimal lower noise gate is generally established for a signal to noise 
ratio of 5 to 1. The counter output pulse height vs. discriminator 
threshold (potentiometer setting) relationship in this region has a linear 
characteristic (see Figure 8), but above 3.5 mv the discriminator has no 


limiting effect and accepts all signals independent of size (voltage). 


Since the C-14 beta spectrum has an approximate energy distribution in the 
region from 0 mv to 300 mv (energy-width=42 KeV, energy maximum = 155 KeV) 
essentially all C-14 beta pulses are treated with equal amplification and 
detection probability. The lower portion of the spectrum, however, is 
lost in optimizing discrimination against very low energy noise pulses 
generated both in the counter and electronic equipment. This amounts to 
elimination of only a few percent of the total beta counts. A non- 
statistical characteristic of the effect of variation in the discriminator 
threshold on observed count rate is given for the 0.4 liter counter in 
Figure 9. 

The counter preamplifier has an approximately linear attenuation 
gain-factor of 10 (see Figure 10) when in-line with a 50 ohm-2 watt 
resistor. 

The counter amplifier (Canberra Model 813 - preamp/amp/disc) has a 
rated linear amplification with maximum gain of 600 and saturation level 
of 10 volts. Measured values, with both coarse and fine gain settings at 
their minimum values, are recorded in Figure 1l, and show a gain of 1000 with 
maximum output of 20-1/2 volts. The amplifier displays a doubling 
(possible improper rectification) for inputs greater than approximately 
12-1/2 mv from the preamplifier (amplifier outputs greater than approximate- 
ly 13-1/2 volts) and clipping or saturation at 20-1/2 volts. Both the 
signal clipping and the doubling do not adversely affect the counting due 
to their involvement only at signal inputs significantly in excess of the 
threshold acceptance value. There is a suggestion that the amplifier is 


current-limited rather than voltage-limited. 


The flow diagram in Figure 14 illustrates the sequence of amplifica- 
tion, discrimination, square wave pulse-shaping, delay (by a constant 
preset 3 microseconds), and coincidence testing against the guard ring 
Signal before registering on one of two scalars. One scalar registers 
all counter signals above threshold while the other records only those 
events occuring within the counter but at a time different by more than 


280 microseconds from a guard ring event. 


1.5.3 GUARD RING ELECTRONICS 

The guard ring electronic signal detection system also illustrated 
in Figure 14 includes similar features to those discussed for the counter. 
However, the preamplifier is modified to supply the high voltage directly 
to the anode wire array and retransmit the signal along the same electrical 
lead in order to maintain the outer casing at ground potential. A 50 ohm - 
2 watt resistor is inserted in-line before the amplifier and pulse-shaping 
unit. The amplifier gain (potentiometer setting: 0.74 turns) is adjusted 
to minimize saturation. The discriminator potentiometer setting remains 
at 0.00 turns, the most sensitive position, in order to detect events from 
all possible sources that might also register in the counter or associated 
electronics. There is also an advantage to enhancing the sensitivity of 
the anticoincidence network by making the guard ring circuit an antenna to 
pick up transient signals and thereby reject them from the residual 
counter background. The delay potentiometer is set to 0.00 turns to 
ensure full utilization of anticoincidence. This is elaborated below in 
conjunction with the signal width potentiometer (setting of 0.46 turns for 
ring signal width of 280 microseconds) establishing the anticoincidence 


deadtime. The signal pulse duration from the counter is also accounted 
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for in terms of a ‘coincidence loss' during which time the counter is 


unable to register a second pulse. 


1.5.4 ANTICOINCIDENCE SYSTEM 

This system is designed to reject electronic events occuring within 
both the guard and sample counters initiated by the same particle, ray, or 
electrical transient. An ‘event’ in this context is the production of an 
ion-pair by ionization of a gas molecule within the confines of the elec- 
trostatic field maintained between the anode wire and cylindrical detector 
wall. Both components of the ion-pair traverse the gas by means of the 
electrostatic force although the transit time to the appropriate collector 
depends upon several factors: i) the magnitude of the force field (propor- 
tional to the high voltage),ii) the diameter of the collector electrodes, 
iii) the distance from the point of pair production to the collector, 
iv) the mobility of the species produced. (In general the traversal time 
for the ion is slow compared with that for the electron and is differentia- 
ted out from the fast part of the signal.) The probability for pair 
production is also dependent upon the following: i) the ionization 
potential of the gas and its capture cross-section for the impinging 
species, ii) the pressure of the gas within the counter. It is apparent 
that an event produced within both a guard counter and a properly 
shrouded sample counter from the same particle or ray at identical times 
(for all practical purposes) may not be detected by the two sets of 
electronics at the same time. However, the characteristics of the elec- 
tronic modification units are adjusted to compensate for this possibility. 
The average signal pulse width is approximately 3-5 microseconds (deter- 


mined mainly by the decay time). After amplification and square wave 
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pulse-shaping the guard ring pulses are expanded to 280 microseconds 
(width potentiometer setting of 0.46) with zero delay. A 'coincident' 
counter-produced pulse is electronically modified and the resultant 
Square wave is discriminated to be registered only if originally in 
excess of 2.6 mv. This counter pulse is delayed by 3 microseconds to 
ensure coincidence detection at a measurable time later than, but encom- 
passed within, the same guard ring pulse-time. The 280 microsecond 
width ensures that the possible traversal delays of the ion-pair are 
accounted for; and,in fact, greater than 95% of all counter pulses are 
within 50 microseconds of the guard pulse. This arrangement assumes that 
the detection time for an event in the guard ring, also produced in the 
counter, is shorter in all cases or at least within 3 microseconds of that 


produced in the counter. 


1.5.5 OPTIMUM OPERATING PARAMETERS (See Table 11) 
2. OPERATING CHARACTERISTICS 
2.1 ESTABLISHING AN OPTIMUM OPERATING-POINT AND SAMPLE PURITY CHECK 

The determination of the operating point on the proportional plateau 
is dependent upon the electronic circuit design. Best optimization is 
achieved for a unit incorporating both a low and high-energy discriminator 
enabling the isolation of an energy window of variable width within the 
limits of the beta spectrum. The window is generally established in a 
range approximately 2 mv to 35-40 mv for C-14. An appropriate procedure 
using a and g discrimination is given by H.G. Dorsey, Precise Measurement 
- of Oceanic Radiocarbon, MSc Thesis, University of Miami, November 1973. 
In the absence of an upper window gate in the present system we obtain 


only the composite characteristic in Figure 12. 
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At present the adopted procedure includes determination of the slope 
of the counter cosmic plateau and the applied voltage value at the 1/2 
plateau height. An arbitrary operating point has been chosen near the 
middle of the plateau well within the linear portion (5600 volts for both 
the 0.4 and 1-1/4 liter counters at 2-1/2 atmospheres pressure cO.). The 
voltage difference between the operating point (5600 volts) and the half- 
plateau cosmic count rate value at 4900 volts (i.e.,a 700 volt interval) 
found for pure samples is maintained for all subsequent samples measured 
under identical conditions. Within the levels of small amounts of impurity 
(i.e.,approximately 2 cpm or less variation below the acceptable cosmic 
value from the graph in Figure 13) the voltage increase required (6V) to 
attain an acceptable 1/2 plateau value is added to the operating point 
voltage (1-e.,5600 + 6V, where 6V is the voltage increment in 4900 + 6V) 
before overnight sample counting. Inherent in this procedure are the 
assumptions of negligible variation in the plateau slope for small levels 
of impurity, and a plateau shift to higher voltage by an amount approximate- 
ly proportional to the concentration of the impurity. This, in effect, 
assumes that the magnitude of the shift in the C-14 8 spectrum is propor- 
tional to the amount of impurity and that for small levels of impurity 
there is negligible reduction in total 8 Hees ten efficiency (see H.G. 
Dorsey, cited above). The observed flat beta plateau suggests that the 
counter is almost 100% efficient for ionization occurring in the sensitive 
volume. The foregoing procedure is reasonably assured for this system 
since all samples with half-plateau values varying by more than + 15 volts 
from the 4900 value were originally repurified and samples within these 


limits gave reproducible count rates within statistical limits for no 
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change in the 5600 operating voltage. Preliminary testing has confirmed 
(Figures 13 and 21) that no adjustment of the operating point voltage is 
required if half-plateau count rates greater than 31 cpm at 4900 volts are 
obtained for dead (no C-14) samples, approximately 36 cpm for 6000 years 
old, and 38 or greater for modern C-14 samples. All of these criteria 


apply for both copper counters filled to 2-1/2 atmospheres CO In 


> 
keeping with the sensitive nature of proportional counting with CO.» no 
tests have been conducted to establish lower purity correction factors but 
rather repurification has been preferred. 

A third purity correction technique is employed by several laborator- 
ies. An external source of standard radioactivity having higher energy 
and disintegration rate greater than cosmic radiation is used to determine 
the. variation in the. 1/2 plateau voltage (or similar fraction of- this 
value) from sample to sample or the reproducibility at a given plateau 
position for lower amplifier gain. A subsequent operating voltage change 
is made to compensate for deviations from the normal or established purity 
criteria. A shortcoming in the reliability of this technique for the 
0.4 liter counter occurred due to an inability to relocate accurately the 
radioactive source near the counter. Examples of the results from this 
type of procedure are reproduced in Figure 15. 

The following general effects on the characteristic counter profile 
(total cosmics, background, and C-14) resulting from impurities in the CO., 
sample (in particular, electronegative impurities such as oxygen and 
halogens) are illustrated in Figure 16. For increasing amount of impurity: 


i) the threshold voltage and the entire profile both shift to higher 


voltage, ii) the 1/2 cosmic plateau height decreases (i.e.also moves to 
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higher voltage), iii) the mid-plateau cosmic and C-14 values decrease 
slightly, iv) for substantial impurity there is evidence that the 

plateau slope increases (Figure 17 shows build-up of impurity within the 
counter over a time period; Figure 18 also shows a steep plateau as a 
consequence of large impurity and counter paoneeryy: v) the length of the 
plateau decreases. 

During a 16-day residence time of a single sample within the stain- 
less steel 1 liter counter, an outgassing (and/or partial leak) was moni- 
tored via C-14 count rate and half-plateau value. The results are graphi- 
cally illustrated in Figures 19 and 20. This procedure was repeated on 
a shorter time scale for the 0.4 liter counter and results of 1/2 plateau 


values are shown in Figure 21. 


2.2 BAROMETRIC EFFECT 

On May 22, 1973 the lead shielding was removed and the paraffin and 
a borated polyethylene inner lining inserted. All previous results were 
subject to the unshielded nucleonic component of the cosmic ray flux and 
neutrons originating from the lead. De Vries (Nucl. Phys. 3,65 (1957), 
and Fergusson and McCallum (N.Z.J. Sci. Tech., B38, 577 (1957)) reported 
this cosmic component of the background to shift significantly as a 
result of variation in the thickness of the atmospheric absorber, 
(Broecker et.al, ‘Int.. J. Appl. Rad. and Isotopes, 7, 1°(1959)). Similar 
observations were recorded with the present unit; a plot of total and 
background cosmic count rate along with barometric pressure vs. time is 
shown for February 1973 (Figures 22 and 23), and for February and March 
1973 in Figure 24. The inverse relationship between the cosmic ray flux 


monitored by the guard ring as well as the cosmic component to both the 


He 


counter cosmics and the anticoincidence background with observed daily 
barometric pressure fluctuations is quite evident. A straight line 
computer least-squares fit of data from these plots (Figure 25) produced 
Slope values used to correct the count rates to an arbitrary value of 
760 mm Hg (1 atmosphere). A comparison of uncorrected and corrected 
count rates vs. applied voltage is shown in the profile in Figure 27. 
This figure indicates that the magnitude of the correction factor is 
Significant for statistical count rate time periods. All of these latter 
profiles illustrate the low slope of the plateau; a set of corrected 
plateau values is given in Table 5 corresponding to Figure 27. No rela- 
tionship between sample pressure and the barometrically dependent component 
of background was established although a brief study of profile shift with 
applied voltage as a result of variation in sample pressure was noted, 
(see Figure 26). An increase in sample pressure may be correlated to a 
rise in background count rate presumably due to a higher stopping cross- 
section for cosmic gamma radiation with increased molecular density in the 
counter. 

Introduction of paraffin to thermalize (moderate) fast neutrons and 
1" thickness of 30% borated polyethylene to capture these thermal neutrons 
(subsequent emission of the two low energy gamma rays) effectively 
reduced the background of the 0.4 liter counter from approximately 
1.7-1.8 cpm (barometrically dependent) to approximately 1.365 cpm, only 
slightly dependent on barometric fluctuations. A more complete study of 
the barometric dependence on background count rate is given in the results 


section. 
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2.3 PULSE HEIGHT ANALYSIS OF THE C-14 BETA SPECTRUM 

Initial determination of the optimum threshold cut-off voltage is 
essential in order to maximize discrimination against low energy cosmic 
muons and amplifier noise while simultaneously minimizing cut-off of the 
lower end of the C-14 beta spectrum. This ee be achieved by pulse 
height analysis of the counter output signal. Figure 28 illustrates an 
approximate plot of number of pulses vs. preamplifier output pulse-height 
monitored 'by eye' and individually recorded in histogram fashion (integral 
widths of 5 mv) from the persistent trace of a memory storage oscilloscope. 
Despite the extremely tedious procedure this proved to be more effective 
than a pulse height analyzer with pulse-to-time converter which lacked 
sensitivity below 200 mv. Even amplification of the output signal from 
the counter did not produce meaningful spectral analysis. 

A monitor of count rate (cosmics and C-14) vs. discriminator setting 
in Figure 9 indicates that the chosen settings are appropriate. A more 
complete review of the use of pulse-height analysis of 8 spectra is 


summarized in the author's review of Miami Tritium Laboratory operations. 


3. CHEMICAL PROCESSING AND OPERATING PROCEDURES 

The co, preparation and purification system is shown in the schematic 
flow diagram in Figures 30 and 31. A complete step-by-step description 
of operation procedures for the unit as initially installed (not fully 
revised for some of the most recent modifications), was compiled by 
R.D. Clyne in May, 1973. The essential features of the system are 
presented here. Documentation of the Miami Radiocarbon Processing System 


similar to that described is reported by H.G. Dorsey, Precise Measurement 


of Oceanic Radiocarbon. 
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3.1 CARBON DIOXIDE PREPARATION AND PURIFICATION 
SME cO,, PREPARATION LINES 

The vacuum system as illustrated in Figure 30 is designed to provide 
for liberation of CO, from all sample types, using a wet process for 


oxalic acid or (bi)carbonate and combustion flow tube or Parr bomb for 


organics. Reservoir 1 may be used to introduce acidified KMnO, or 


4 
HPO, to sample reaction flask 2, (Appendix: Preparation of co, by 
Oxidation of Oxalic Acid with Acidified KMn0,). The line is initially 
evacuated, purged with in he, and re-evacuated; the cO., evolved is 

dried and frozen in liquid nitrogen trap 6 before chemical purification. 
Alternate methods of transforming the carbon in samples to CO, are incor- 
porated into the line in the form of an oxygen-pressurized Parr combustion 
bomb 11, and a Vycer combustion tube 13, 14, 15, preceded by oxygen 
purification and flow regulation 17. It was necessary to introduce ballast 
volumes 5 into the line to retain wet chemicals and minimize clean-up. The 
majority of the individual Pyrex units are either fused together or con- 
nected with greased ball-and-socket joints for ease of removal, causing 
only occasional minor vacuum difficulties at operation to Wome mm Hg or 
better. A secondary low-vacuum line is used for system evacuation and 
continuous removal of oxygen of combustion. The sample storage, radon 
removal, and final purification section includes a mercury diffusion 

pump 24, capable of vacuum to approximately Eo, ° mm Hg in the Pyrex glass 


system. The flow rate of co, within the system is regulated with manometers 


and bubblers and ultimate vacuum measured with Pirani guages. 


3.1.2 WET LINE PURIFICATION 


Trap 5-6 is used for ballast or final low volume containment of 
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combustion samples. Trap 18 absorbs 50. and collects water of combustion. 
Traps 18 and 19 are fitted with glass-frit dispersion tubes for efficient 
absorption of halides and sulphur oxides respectively. The co, is passed 


over dry-ice, frozen and pumped in a liquid nitrogen trap and stored. 


3.1.3 FINAL FURNACE PURIFICATION AND RADON REMOVAL 

The sample is passed over hot platinum-asbestos and silver ribbon at 
420°C (to reduce nitrous oxides to N,) and subsequently over hot copper 
turnings at 420°C to remove residual traces of oxygen and halides. An 
air-jacketed copper radon removal trap 23, (which also removes nitrogen 
oxides), establishes and maintains the proper temperature gradient to be 
approximately 95% efficient or better (W. Dyck and J.A. Lowdon GSC C-14 
Laboratory Ottawa). Provision will be made for unaided and continuous 
multipass thermal recycling over the copper furnace 13, 25, which is 
periodically regenerated by flushing with hydrogen gas. Samples are 
stored at pressures less than one atmosphere in transportable 5 liter 
Pyrex flasks and a small percentage retained separately for C-13/C-12 


isotopic fractionation analysis. 


3.1.4 COUNTER FILLING SYSTEM (Figure 31) 

Storage flasks containing purified co. are transferred to the counter 
filling line directly or to the storage line for radon removal by decay. 
All samples are passed over dry-ice to remove any residual water vapour 
from the copper furnace although this has generally been found unnecessary. 
The sample to be introduced for counting is pumped under liquid nitrogen 


temperatures and slowly distilled into the appropriate freeze-out stem 


which is partially insulated with an air gap between the stem and a Pyrex 


he, 


glass sleeve immersed in liquid nitrogen. The temperature gradient so 
produced prohibits any oxygen from condensing and this is pumped away 
before introducing the sample slowly into the counter by evaporation and 


monitor with a 12" Heise Bourbon gauge, 28. When the co, counter pressure 


approximates that desired (in general 1900 + 0.5 mm Hg), valve 31 is sealed 
and the residual co, bled back to the flask while maintaining a similar 


1900 mm line pressure until all frozen CO, is gaseous. The valve to the 
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counter is then reopened and the line pressure equalized to exactly 1900 mm 
with the variable volume valve 27 before 31 is reclosed and counting begun. 
After counting, the sample may be recovered and stored in the storage 
section of the line for replicate counting at a two week interval. A 
summary of routine procedures for daily, weekly, and monthly operation 


are provided below. 


3.2 DAILY, WEEKLY, AND MONTHLY COUNTING PROCEDURES AND DATA COLLECTION 
3.2.1 DAILY C-14 MEASUREMENT ROUTINE (To be modified as required) 


1. The following general information format should be completed 
(Eabke: 1.2). 


2. All other information required for reporting sample data to 
Radiocarbon Supplement of American Journal of Science should 
also be noted. 


3. After each overnight count period reduce the high voltage to 
the half-plateau voltage monitored before the run and recount 
for approximately 30 minutes. Consistency within 1-2 cpm should 
be obtained or the cause for deviation investigated. If there is 
cause for suspicion that the overnight count is somehow erroneous, 
the event recorder should be consulted (when implemented) and a 
second count performed at 4000 volts for 30 to 60 minutes to 
detect stray or spurious counts from radon or electronic instabil- 
LEY. 


4. TURN THE COUNTER HIGH VOLTAGE DOWN AND PUT THE POWER SUPPLY TO 
RESET!!! (With the high voltage OFF, but scalars on while removing 
the sample, spurious counts are frequently detected from gas flow 
along the counter walls.) While pumping the counter no counts 
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should be recorded within 60 minutes. 


Remove the overnight sample from the counter and store in the 
original sample flask or pump away if it is to be discarded. 
To retain samples for a long period reprecipitate as SrCO , 

or similar solid, then seal and store in glass. 


Vacuum pump the sample counter to be refilled for a minimum 
of one hour or more until a residual pressure of less than 
0.5 x 1072 torr is maintained while sealed for approximately 
15 minutes. 


Readjust the Heise Bourbon gauge to zero immediately before 
refilling the counter. 


Introduce the sample and adjust the pressure to exactly 1900 mm Hg. 
Record the counter temperature and room barometric pressure. 


Increase the high voltage slowly to 4900 volts while watching 
the scalars to detect continuous discharge or similar mishap. 


Monitor the 1/2 plateau value for approximately 20 to 30 minutes 
and adjust the voltage to the acceptable value according to 
Figure 13. Record the final value of 1/2 plateau and count rate 
along with the new working voltage. Within the levels of small 
amounts of impurity (approximately 50 volts or less adjustment), 
the voltage increase (6V) required to attain the acceptable 

1/2 plateau value should be added to the operating voltage 

(i.e. ,5600 + 6V), where 6V is the voltage increment in 4900 + 6V, 
beginning the overnight count. The 1/2 plateau counting period 
has been found essential for establishing the stability of the 
electronics before a long count may be begun. 


If the purity of the sample is below the acceptable level, it is 
recommended procedure to replace it with another. It is, 
therefore, wise to begin the filling procedure early to permit 
this replacement should it be necessary. 


Count all samples for approximately 1000 minutes or more if 
possible. 
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3.2.2 WEEKLY AND MONTHLY C-14 MEASUREMENT ROUTINE 


Week 


Week 


Week 


Week 


of 


3 


#1 
#2 
#3 


#4 


Mon. Tues. Wed. Thurs. Fri: Weekend 


S-1 S-2 Std S-3 S-4 Bkgd (2 counts) 
S=5 5-6 Std a 5-8 Bkgd a 
S-1 S-2 Std S-3 S-4 Bkgd u 
S-5 S-6 Std S-7 S-8 Bkgd " 


S-No.---Sample Number 
Std ---Standard Preparation 


Bkgd .---Background Preparation 


The pattern may be altered from time to time and a very old 
sample substituted for one of the weekend background counts 

to eliminate the necessity of short run-time and hence poor 
Statistics. In this case, however, it is advisable to monitor 
the counting period with the event recorder to ensure consis- 
tency in count rate. 


The procedure is adopted to give replicate counts of samples 
and to ensure the statistical reproducibility and absence of 
radon contamination. 


If inconsistencies are encountered the procedure will have to 
be altered. 


Both standard and background samples may be used repeatedly if 
no signs of deterioration are detected. However, several 
preparations of both should be available for intercomparison. 


The calculations of absolute ages should be done on a monthly 
basis using the monthly average of background and standard 
preparations. No count should be deleted from this average 
unless there is good evidence for its invalidity. 


Monthly plots of variables, including temperature, barometric 
pressure, background, C-13/C-12 ratios, etc. may be of benefit. 


LIST OF PRECAUTIONS FOR RADIOCARBON LABORATORY OPERATIONS 


heed 


zs 


The HIGH-VOLTAGE must be turned down before evacuating the 
counter. DOUBLE CHECK!!! 


The Kovar-to-glass-to-Kovar electrical insulator must be 
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maintained under a minimum of one atmosphere pressure when 
operating at high voltage. 


3. The valve #31 should be closed at all times when working with 
the counter filling line to avoid exposure of the counter to 
contamination by air should a mishap occur. 


4, A sample should never be counted overnight without first 
determining the 1/2 plateau correction to be applied to the 
operating voltage. : 


5. A sample should not be counted immediately upon filling the 
counter in order to enable electronic stabilization. 


6. The purification line furnaces should not be turned too 
high without close attendance. 


7. The Parr combustion bomb shotild be treated with care and the 
operator should ignite the fuse from a safe distance with the 
bomb in its protective housing. 


8. If there is suspected contamination, error in processing or 
counting, or similar information critical to the validity of 
any or all future data, it must be noted in the log book and 
brought to the immediate attention of the officer in charge. 
This includes results that are not consistent with expectation 
or general trends. 


9. All new chemicals and cylinder gases should be checked for 
purity and in some way intercompared or intercalibrated with 


the previous materials. 


10. All chemicals and instruments including vacuum pumps should 
be checked periodically for any alterations. 


ll. If wear or consistently faulty operation is apparent for any 
piece of equipment it should be replaced or upgraded. The 
system should also be expanded to meet the economic require- 
ments and sample volume available once routine operation is 
feasible for all possible sample types. 

4. RESULTS, CALCULATIONS AND INTERPRETATIONS 
Test results for characterizing the counting system are briefly 


presented to indicate baseline parameters for future reference and to 


demonstrate the reliability of the system. 
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4.1 ONE-LITER BIEN-TYPE STAINLESS STEEL COUNTER 

The one-liter counter obtained from the La Jolla radiocarbon labora- 
tory, with known background of approximately 4.5 cpm, provided an interim 
measure for optimizing the electronics during construction of the two 
copper counters. The majority of these tests have been discussed and 
illustrated in Sections 1 and 2. A summary of numerical data appears 


in Table 6. 
4.2 0.4-LITER STUIVER-TYPE OFHC COPPER COUNTER 


4.2.1 BACKGROUND COUNT RATE 

Upon completion and incorporation of the 0.4 liter copper counter 
into the system, initial counting consistency was demonstrated (see 
Table 6). Variation in barometric pressure was monitored daily and 
from monthly data, (Figure 25), the C-14 values were normalized to 
29.921" Hg and recorded as "barometrically corrected’. Counting 
reproducibility was further improved with installation of 1" of 30% 
borated polyethylene, however, statistical results were only achieved 
with the saint, of an outer layer of 1-1/2" paraffin. The increased 
shielding produced a background reduction of 0.43 cpm, from approximately 
1.8 cpm to 1.365 cpm, (Tables 6 and 7), a factor of approximately 24% 
mainly attributable to the nucleonic component of cosmic radiation. 
Table 7 gives a continuous two month monitor period of background magnitude 
and reproducibility. This includes successive multiple counting of the 
same sample preparation, multiple repurification and recounting of the 
same sample at well spaced time intervals, and consistency between different 


preparations of the same and different background reference samples. A 
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single sample could be used repeatedly over a period of a month (and 
presumably much longer) with only occasional need for repurification. No 
evidence for radon contamination was detected in excess of the consistent 
0.020 cpm alpha contribution to the background. Barometric pressure 
dependence, temperature corrections and sample quantity reproducibility 
are not included in Table 7 averages. All three factors contribute to 
uncertainties in the present data and are assessed along with additional 
data in Section 4.4.2. Values demonstrably outside statistical limits 

(2 standard deviations , + o from the mean value) evidenced by unacceptable 
levels of impurity or shown to be erroneous through several counting 
periods have been omitted from the background average for the two month 
period. The background fluctuates seasonally and, therefore, a reason- 
able procedure involves monthly averaging and computation of all data 


for samples counted within that time interval. 


4.2.2 NBS OXALTCY ACID "COUNT RATE 

Several samples of the same batch NBS Oxalic acid were converted to 
CO, via the 'wet process" (using acidified Kén0,). Each was purified in 
identical fashion to general procedures for all samples, and a small 
percentage of each retained for C-13/C-12 mass spectrometric isotope 
determination. These ratios are not presently available and, therefore, 
the extent of isotopic fractionation is unknown but expected to be small 


since approximately 95% or better recovery of liberated CO, was maintained. 
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Table 8 is comprised of data obtained both from multiple counts of a 
single preparation and from several different preparations of a single 


supply of the National Bureau of Standards Oxalic Acid Radiocarbon Standard. 


Z5 


The data displays general counting reproducibility; however, consistency 
between different samples is occasionally sporadic. The apparent varia- 
tions in count rate may be attributable in part to inadvertant exposure 

of the counter anode to high voltage under vacuum conditions. This 
possibly is illustrated by the low average value of 6.726 cpm omitting 

the two apparent anomalous bracketed values in the table. Their 
inclusion in the average gives a value of 6.823 cpm which may be compared 
with data from the reconstructed counter (Section 44) having an average of 
6.899 cpm. The lack of data reliability demonstrated by occasional*count 
rates in excess of 2 standard deviations from the statistical mean in 
background, standard oxalic acid preparations and subsequently in the 
Pee ee calibration (Section 4.2.3) prompted counter reconstruction. 
The values are reported here as a documentation of this possible reduction 
consistency and beta counting efficiency arising from anode deterioration, 
both of which may not be readily apparent from limited data. The standard 
reporting value of 95% (NBS Oxalic Acid-background) of 5.092 + 0.080 cpm 
for Table 8 (using the background value from Table 7 of 1.356 + 0.037 cpm) 
may be compared with the new counter values of 5.263 + 0.076 and 1.359 + 


0.017 cpm respectively. 


4.2.3 C-14 DENDOCHRONOLOGY AND HISTORICAL TREE RING DATING COMPARISON 
In order to ensure undisputed credibility of the radiocarbon dating 
results, a preliminary intercomparison with a second independent method 
of dating is essential. Equally important is demonstrated ability to 
reproduce values consistent with those determined by several other 
established De GAT ie A program involving this intercalibration has 


been implemented and brought to a satisfactory degree of reliability, 


26 


consistency, and accuracy. This program is by no means complete, but is 
subject only to the availability of suitable intercalibration samples. No 
inconsistencies are anticipated, although slight modifications to the 
purification process dependent upon sample type and origin may be required. 
Dr. M.L. Parker, Canadian Forestry Service, Western Forest wen tte 
Laboratory, Environment Canada, kindly provided a complete series of 27 
tree ring samples from 678 to 1968 Kp. obtained from the stump of a 
Douglas-fir tree felled near Shawnigan Lake, Vancouver Island. The small 
size of the rings necessitated their grouping into 50 year segments for 
C-14 dating and weighting of the samples according to volume in order to 
establish the proper mean age for each block. From the samples provided, 
all of which were historically tree ring dated, 5 were chosen according to 
specifications of age and size providing for duplicates of each and an 
age distribution spanning the entire range of the growth period. A sixth 
tree ring intercalibration sample (GSC #22) was also kindly supplied by 
Dr. J.A. Lowdon from the Ottawa Geological Survey of Canada Radiocarbon 
Laboratory. The procedure of duplicate preparations and replicate counting 
at a one or two week interval was not strictly followed. The results from 
the abbreviated program are presented in Table 9. No correction has been 
applied to the values for possible isotopic fractionation, barometric 
effect, modern day C-14 fluctuations; the prime objective at this stage 
being to establish C-14 ages within a few percent for general comparative 
purposes. Results reported by W. Dyck, Ottawa GSC Report 66-45, 1967, on 
an 1100 year old Douglas-fir tree from Vancouver Island substantiates 
somewhat irregular short term deviations of + 2.5% from the present day 


natural C-14 concentration of living organisms. The incompleteness of 
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the present study and uncertainty of the magnitudes of some of the correc- 
tion factors prevents a similar assessment at this time and is beyond the 
scope and intent of this preliminary work. Difficulties in preparation; 
purification and reproducing counter fillings were initially encountered 
although both consistency and accuracy of date correlations increased with 
progressive technical efficiency. Table 9 reports difficulty in general 
with the more modern samples (processed first); the youngest requires 
further clarification and the second lacks replication of duplicates. 
Possible electronic instability generated by exposing the anode to high 
voltage while evacuating the counter may have accounted for the high 
degree of inconsistency with the GSC #22 sample. Consequently, the 

study was abbreviated and the anode wire replaced. Therefore, it is only 
fortuitous that the average of 4 separate counts of this sample outside 26 
statistical limits but within 40 should give a reasonable average value 
correlation with the historical age. The remainder of the results, 
although not fully replicated, give an estimation of initial counting 
accuracy to within limits subject to the corrections outstanding. 
Redetermination of values applying subsequent barometric correction improves 
the comparison of C-14 dates with dendochronology. Further intercalibra- 
tion is continuing and will be reported with associated studies. An 
estimate of these are summarized on the following page. The background 
and standard values from this early data are then more comparable to more 


accurate. recent data in Section 4.4. 2. 
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Age Before 1950 (yrs.) 
Value & Bkgd C-14 


Sample Description (cpm) (T-1/2 = 5730yr) Historical 
Background (Tank CO.) 1.344 + 0.036 
NBS Oxalic Acid Std 6.840 +r. O48 


Intercalibration Sample #12 6.590 + 0.076 


WFPL #7 (See Table 9) 5.980 983 980 
GSC #22 _ 6.138 706 822 
WFPL #24 y 6.480 135 £25 


In this respect, results of samples that also have been intercalibra- 
ted between two independent laboratories at the University of Washington, 


and the University of Miami, will be provided. 


4,3 1-1/4 LITER QUARTZ-LINED STUIVER-TYPE OFHC COPPER COUNTER 
Outgassing properties of the anode-array insulators in the double 
anticoincidence guard ring assembly have prevented a detailed assessment 
of the operating characteristics of the new larger counter. A schematic 
of the counter profile without anticoincidence is given in Figure 29, 
indicating very acceptable operation. Both segments of the guard ring 
operate with satisfactory characteristics after evacuation and subsequent 
purging with quench gas, however, their properties deteriorate with time 
and the system may have to be cured of outgassing before operation is 
feasible. The background count rate for this system has been shown to 
be approximately 3 cpm using either segment of the guard ring and 
approximately 1.7 cpm for periods of 1/2 hour using only the outer segment. 


The latter, however, is subject to instability yet to be totally corrected. 
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4.4 0.4 LITER COUNTER (AFTER REPLACEMENT OF ANODE WIRE) 
4.4,1 RADON CONTAMINATION 

The dendochronology calibrating was terminated before completion in 
order to replace the 0.4 liter counter anode wire. Subsequent to cleaning, 
restringing, and reassembling the counter, the residual background showed 
a time dependent increase and then decrease in magnitude approaching the 
former background value after approximately 20 days, (Figure 32). This 
behaviour most likely resulted from contamination of the counter with 
radon (half-life: 3.824 days) during either acid washing or exposure of 
the copper surfaces to the laboratory air. The figure very clearly illus- 
trates initial build-up and then decay of radioactive daughter products 
of radioactive parent species. 
4.4.2 REDETERMINATION OF BAROMETRIC DEPENDENCE OF COUNT RATE: 

BACKGROUND AND STANDARD VALUES 

Sample counts were performed for a series of background, standard 
NBS Oxalic Acid preparations, and an intercalibration sample kindly 
donated by Dr. M. Stuiver previously calibrated both at the Universities of 
Washington and Miami laboratories (denoted QL #202 (University of 
Washington Quaternary Lab); ML #801 (Miami Lab); and OC-MSDL #12 (Otean 
Chemistry--Marine Sciences Directorate Lab # Intercalibration 2). Several 
of the Western Forest Products Lab (WFPL) wood samples from Table 9 were 
also recounted and will be reported at a later date. 

The filling system was further modified to allow continuous monitor 
of sample pressure during counting and an accurate thermometer was 
located near the counter as a temporary substitute for future installation 


of digital thermometer temperature probes. 
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A composite of these results is presented with those recorded earlier 
in Tables 7 and 8 for which barometric data is available. Due to the 
absence of accurate temperature and pressure data for most of the earlier 


"sample quantity" at normalized 


results (unknown reproducibility of 
conditions,i.e., at 20°C and 1900 mm sample pressure) it is not possible 
to make an accurate quantitative assessment. However, a collection of 
data is plotted in Figures 33-41, showing a computer least-squares linear 
fit of the count rate versus barometric pressure. The computing was 
performed by Mr. Clifford Morgan of the Ocean Chemistry Division. 

The data denoted "uncorrected" has not been normalized to standard 
quantity and, therefore, shows greater statistical variability than the 
data "corrected" for these parameters. The standard deviations in 
individual sample data te V8) (square root of the number of counts N, 
divided by the elapsed counting time, t) derived from Poisson Statistics. 
For background 3, where the elapsed counting time is not available, this 
value is replaced by 0.0 and a mean value o = 0.027 cpm is chosen for a 
weekend count period approximating 2200 minutes (o = 0.037 cpm was also 
applied to these values for later comparative purposes). The following 


summary describes the content of the data in the figures. 


Figure Description 
Background 1 Cylinder CO, gas Samples 6 to 16 
2 Cylinder CO, gas Sample 16-7*, 16-8, 16-9, 16-11 
3 Marble co, Samples 5,7,9,10 
7 Marble co, Samples 7-2 to 7-7 inclusive from the 
series in Background 3 
9 Marble CO, Samples 9-1 to 9-5 from Background 3 
10 Marble CO, Sample 10-1 to 10-5 from Background 3 
16 Cylinder CO, gas sample 16-3 to 16-11 from both 


Background 1 and 2 


enh 


Eigure Description 
NBS Oxalic Acid Std 
#1 Oxalic Acid Sample 1-1 to 1-12 
aed Oxalic Acid Samples 1 to 13 inclusive 
3 Oxalic Acid Samples 9 to 13 inclusive 
Intercalibration 
Sample QL-202 Oceanic CO. Sample 


*Note: The samples are denoted by preparation number first followed by 
the number of successive times of repurification and counting; i.e., 16-7 
is new preparation No. 16 and repurification plus recount No. 7 of 
Sample 16. 
The standard error and significance of the linear term for the 
least squares linear fit are recorded on each figure along with the 
appropriate numerical data. The plots are characterized by the relation- 
ship: y = A + Bx where A is the value of the count rate extrapolated 
to zero barometric pressure and B is the slope of the count rate vs 
barometric pressure relationship. The data is summarized in Table 10. 
From the limited data available an estimate of the 
count rate dependence on barometric pressure for background, oxalic acid 


standard, and the intercalibration sample is: 


#004 410.32, -0.7 +°0:32 and -0-2 +°0.64 tespectively, résulting 
in a weighted mean value of -0.4 + 0.4% 


A systematic dependence of count rate vs. barometric pressure has 
been demonstrated with a dimension of sufficient magnitude to warrant 
correction of all future data. From Table 10 the barometrically corrected 
average value for count rates interpolated to an average regional value 
of 753 mm Hg pressure using both uncorrected and corrected sample quantity 


data are: 


6 Fs 


Sample Cpm __ 
Background Pesan Oru! 
NBS Oxalic Acid Standard OF 076 + “OOF 
Intercalibration Sample QL-202 6.664 + 0.076 


The QL-202 sample radiocarbon content measured by Dr. M. Stuiver of 
the Quaternary Research Radiocarbon Laboratory, University of Washington, 
is compared with the average value from this laboratory from the above 
data. The results are expressed as per mil (9/o0 = parts per thousand) 


differences from a standard: 


14 


= * z ° 
oe sample sipetiaae Bandara EN 
Daas standard 
where A* is the net C-14 activity of the sample corrected for 


sample 


radioactive decay between the time of collection or formation and measure- 


ment, and A° is the net C-14 activity of The National Bureau of 


standard 


Standards oxalic acid standard corrected for radioactive decay between 


January 1, 1958 and the time of measurement. . 


Measurement Laboratory gcl4 Value (not age corrected) QL-202 
Stuiver Bie Ne Mp moon oan? 
Ocean Chemistry-B.C. Research + D262 FISSSKE 


The agreement is satisfactory as expected for an average of several 
determinations and, for the sample population used for the calculations, 
approximately 75% of the values lie within + o (standard deviation) of the 
best linear fit of the barometrically dependent data. Approximately 50% 


or greater of data uncorrected for sample quantity generally lies within 
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+o of the best linear fit of the barometrically dependent data for both 
background and NBS oxalic acid standards. This is markedly improved for 
the more recent corrected data, however, a complete statistical analysis 
will be forthcoming with accumulation of sufficient data. This will form 
a second report. 

For a single determination of the QL-202 sample the om value (not 
age corrected) is + 12.2 + 15.4 %, and in general this magnitude of 
error is inherent in all sample activity measurements with the 0.4 liter 


counter for approximate 1000 minute count periods. 
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TABLE 


Item and Specifications 


Lead Brickst2"x4ux8 ) 
(Standard Flat Type) 


Background count rate ~ 
3.5 cpm/100 cm 


1943-44 Steel Plates 
(pre-atom bomb iron) 


Paraffin(1-1/2"x9"x18"cakes) 


30% Borated Polyethylene 


Guard Ring Lead(Sweden) 
background count,rate 
0.07 cpm/100cm 


] 


Quantity and Supplier 


St. Joe (Missouri) Doe Run 
Pig Lead (Lot D-128) 


10054# 
+ @~ $28.80/cwt 
4002# 


2. P Last 6S o/b Bie CHG be 2a 
wide x de long: Gis0-06/10. 


Capital Iron & Steels Metals Ltd. 


1832 Store Street, Victoria 
(from the ship ''Stettler'') 


Approximately 18 cakes 
Imperial Oil Ltd. 


Catalogue 7¢21Gs 1 thick; 
outside rectangular dimensions 
36"x18"x14" 


Reactor Experiments Inc. 
963 Terminal Way 

Sanu Gar losmeCasktiiorn ta 94070 
Cylindrical dimensions 

~ 1/2" thick (mean cylinder) 
dbam:~ 4" and 36" longs “approx. 
300 # @ $0.16/1b 


Bolidens Gruvaktiobolag 
Stockholm 0, Sturegaten 22, 
Sweden 

c/o Ure a. “Ae Cowden, D. beak. 
Geological Survey of Canada, 
601 Booth Street, 

Ottawa, Ontario 
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TABLE 4 
G= 14-ERECTRONICS LISt 


COMPONENTS: 


1) Counter HV DC Power Supply: Fluke Model 408B 
(Sér+—#--14.1.0,)... 


2) Guard Ring HV DC Power Supply: Fluke Model 412B 
(Ser. #¢ 3221). 


3) Line Conditioner (Voltage Regulator): 
Sorenson ACR 2000 (Ser. # 1138). 


4) Canberra Ind. Nuclear Instrument Parts 
(Assembled at La Jolla). 


i) Circuit Diagrams included here 
ii) Canberra Parts: 


a) 3 Scalars, Model 871 (Ser. No.'s 
8994, 8995, 8996). 


b) 1 Preamp/Amp/Disc., Model 813 
(Ser. # 89112). 


c) 1 Coincidence Unit, Model 1446 
(Ser. # 8918). 


d) 1 Bin/Power Supply, Model 1400 
(Sera# 891128). 


ee) “POWSS. P JS. 2 82ePost Amp) ifierxand 
pulse shaping unit, (Designed 
and constructed at La Jolla). 


5) Preamplifier - Kiethley Model 111 (Ser. # 's 
[6390 Ie 6S9077". 


Kiethley Model 1081 (Ser. # 69758). 
6) Esterline Angus 10 pen event recorder (Ser. # 804728). 


7) Precision Instruments Timer. 
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TREE Sr! 
OPTIMUM OPERATING PARAMETERS 


Precision Timer 


TOTAL 
AC-1 Counter | RING 
COINCIDENCE Antico, | Cosmics# Guard 


MODEL 1446 Counter | Sample j|Cosmics 


] 
Coinc. Events 


Req'd 
Output 
Out 
Anti 
: 
Coinc 
D OISC. eo ASC... Oo. Dt sre, 
Out 
Out 
7 SORENSEN AC REGULATOR ARC 1000 
110 
AC Volts Power ON 
FLUKE 412B VOLTAGE POWER SUPPLY(for Ring) Polarity 
HOG. 4+ 4 


- 5600 


FLUKE HIGH VOLTAGE POWER SUPPLY Polarity 


MODEL 408B 
Serial 1410 
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DOULLE ANTICOINCIDENCE GUARD RING, LEAD SHIELDING, & PROPORTIONAL COUNTER ASSEMBLY 


(Scale = 1:2 ) Bugs. 3: 
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Re ee eee Sone PSR 5 ee eae, ca See SO ae SUES: SS I 
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ed Det Rae OR eK Po ee ea ee SS ee Anticoincidence 
La IEA AS AAA AAD ZELLE Guard Ring #1 
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Guard Ring #2 
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Fig. 4 
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4 holes equispaced - drill#50 (0.070'' dia) 
by 3/16" deep & tap #2 (0.086" dia) 56 NC - CL 28 


4 equispaced holes counter sunk from inside tube 
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PROFILE ENERGY SHIFT WITH VARYING SAMPLE PRESSURE + PROFILE OF GUARD RING CHARACTERISTIC 


( co, gas counting with 0.4 liter Stuiverstype counter: guard ring Quench gas) 


(98.7% He, 1.3% butane) 
£00 (1 atmosphere pressure) 


Guard Ring Cosmics eas 
Etatar 
at te ae 
a Fig. 26 
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VROFILES FOR THE DOUBLE ANTICOINCIDENCE ASSEMBLY AND 


Fig. 29 
ASSOCIATED 1 - 1/4 LITER STUIVER-TYPE COUNTER 
ee 
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4 2 
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3 5 ee ee _—y 
0 
S08 5 200 Inner xe 
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BACKGROUND 3 USING CORRECTED CPM 


9.00 


BACKGROUND 3. USTNG CORRECTED CPM 


o 

eS AAROMETRIC TIME COUNTS/ STANDARD 

© PRESSURE (MINUTES) MINUTE DEVIATION 
(MM HG) (CORRECTED) 


BACKGROUND 1 USING UNCORRECTED CPM 
o BAROMETRIC TIME COUNTS/ STANDARD 
i=) PRESSURE (MINUTES) MINUTE OEVIATION 
a (MM HG) (UNCORRECTED) 
i I've: ee “| 7 Ene ee VY ST FS. 
74643 2783.0 1.434 0.0227 
746.7 857.0 1.344 0.0396 
747.8 634.0 1.317 0.0456 
°o 748.3 954.0 12369 0.0379 x 
ta) 750.0 970.0 1.386 0.0374 ares 
S 7S1e6k 1056.0 1.486 0.0375 
© 75162 9R240 1.372 040374 
Sy Oe aS UG et 0.0220 __ i 
75144 400.0 12335 0.0576 “B= 0-006 
75107 900.0 1.347 0.0387 20 
751.48 934.0 1.435 0.0380 
o 75264 640.0 1.350 0.0459 
ia) 752.8 983.0 1.354 0.0371 
Z 75342 3036.0 14446 0.0218 
Ge 753.2 82740 1.395 0.0411 
75402 1556.20. aa e 02.0303 
754.7 1220.0 12333 0.0331 
754.7 922.0 1.358 0.0384 
755-5 95540 1.284 0.0367 
° 755-8 2296.0 1.326 0.0240 
o 757.4 2450.0 16294 0.0230 
et 759.6 975.0 16374 0.0375 
WwW 
=— BAROVETRIC COUNTS/ COUNTS/ OFF 
= PRESSURE 4INUTE MLUNUTE 
zm (C3SERVED)D (PREOICTED) 
=e 744.8 432. 
. 746.3 a34 
~w 74607 344 
wn 747.8 317 
r= 748.3 369 
= 750.0 386 
=> T5101 486 
Bo 751.2 AES 
ee = 
oS 75164 335 
zs 75107 347 
751.8 435 
75264 350 
75228 354 
753.2 14446 
o 753.2 1.395 
So Se FP 1630 
* 754.7 1.333 
o 75467 1.358 
755-5 1.234 
755.8 1.326 
75744 1.294 
739+6 1.374 
o 
oO 
Nw 
o 
o eS Se See as 
ea STANOARD ERROR= 
SIGNIFICANCE OF LINEAR TERM? es — 
A= -0.00644 PLUS OR MINUS 0.00668 
(-0.01311, 0400024) 
o 
o 
x 2 SES oat ip a == 
750.00. 735.00. 740.00 745.00 750.00 758.00 760.00 


BACKGROUND 2 


BAROMETRIC READIN 


USING UNCORRECTED CPM 


(-0.01465, 0.00501) 


1.359 
= 1.325 
2 14368 
1.34) 
1.407 
1.407 
= x 12326 
Te3! 
1.326 
= 1.361 
© 
(a A= 4,983 B= -0.00482 
pe 
= BAROMETRIC COUNTS7— “COUNTS7 —s—“«‘«C ay 
ae 
PRE SSURE MINUTE MINUTE 
aie (OBSERVED) (PREDICTED) 
be 
Sw 748.7 1.388 1.375 
w 749.0 1.382 1.374 
Ee 75161 1.359 1.363 
z= 75305. SSlpses a ais 16362 
= T5140 14368 1.361 
S 75201 1.341 1.359 
os 752.5 1.407 1.357 
? 752.6 1.907 1.356 
> 752.8 1.326 1.355 
75361 1.315 1.354 
753.6 1.326 1.351 
75604 {2360 We ery —_ 
Ss STANDARD ERROR= 0.0310 
o 
SIGNIFICANCE OF LINCAR TERM? 
R= -0.00482 PLUS OR MINUS 0.00983 


2.00 


1.00 


M T T 
730.00 735.00 740.00 7 


BACKGROUND #7 


—— 


750.00 755.00 760.00 
BAROMETRIC READING 


s.o0 


USING CORRECTED CPM 


BAROMFTRIC TIME COUNTS/ STANDAR 
24 PRESSURE (MINUTES) MINUTE DLV TATION 
x (MM HG) (UNCORRECTED) 
744.6 930.0 
745.8 1438.0 a 
74665 1037.0 
747.0 1350.0 
=) 747.5 128940 
= 748.3 3867.0 
4 1621.0 
wo 2851.0 
Lz 386340 — 
1419.0 - oD 
2395-0 
931.0 
-, 3832.0 
4 149140 
i 145540 
c 5323.0 
- 95920 
1502.0 ai 
3892.0 0.0190 
944.0 0.0372 
a 902.0 0.0381 
5 3916460 0.0183 
ee 2566-0 0.0222 
i SS RAE 0.0370 
ey ae i = ay es es 
5 A= 3.060 B= -0.00227 
= 
0 = 
=o BAROMETRIC COUNTS/ COUNTS/ OIFF 
me PRESSURE MINUTE MINUTE 
a” (OS3SERVFDD (PREDICTED) 
— 1 744.60 isss> ae C= = ) 
z 745.8 1.386 tae oot 
= 746.5 1.364 
ree 747.0 1.377 
os 747.5 14299 
5 748.3 1.385 
A 751.0 1.323 
SATS Gee 1.331 
. mn) eS Ya ale 
75201 1.399 
754.4 1.331 
S 754.5 1.302 
Ls 7540? 1.359 
p 754.8 1.346 
” 755.0 1.378 
___*SS07 1.359 
Topeo a 0 sea eos = 
756.0 1.341 
756.9 1.402 
S 758.3 1.305 
o 75922 1.398 
- 759.5 1.318 
~ 75948 1.205 
762.2 1.334 
ye OO ad 
2° 
=] 
ee STANDARD ERR OR= 040396 


SIGNIFICANCE 9F LINEAR TERM? 
S= -0.00227 PLUS OR MINUS 0400349 
a €-0,00576. 0.00123) 
S 
Ms ee T 3. 7 = T = 
"730.00 73s.00 740.00 748.00 750.00 7ss.00 760.00 


BAROMETRIC READING 


i=) 
Oo 
a 
oO 
Oo 
o 
S = = BACKGROUND Ww? USTNG CORRECTED CPM 
‘ STANDARD 
ETRIC TIME COUNTS/ 
BRE SSURE (MUNUTES) MINUTE | DEVIATLON 
(MM HG) (CORRECTEOD 
060 _ Sie 3S 95 ee 
3 Se ee PT 1.368 
= 752.8 0.0 1.326 
© 75361 0.0 1.315 
ae) 756.4 a) 1.361 
= 
= A 1.504 B= -0-.00021 
=) see Bhs 2S we a _- = 3 and eo 
=o TSF COUNTSZ OFF 
° RAROMETRIC COUN 
Pu) PRESSURE MINUTE MINUTE ; 
wo (O3SERVED) (PREDICTED) 
t= 
75161 12359 1.346 
BS 751.6 1.368 Noske 
Ss oy oe ee tT 
Mie 7008 1.361 1.345 0.016 
a 
STANDARO ERROR= 040237 
~S FLCANCE. OF LINEAR TERM; Se a ee — 
8 See aera PLUS OR YINUS 0.91624 
. (-0.016455 0.01603) 
o 
o 
=) 
N 
S 249 —- - 
o 
° 
o 
T —¥ + - 
"730.00 735.00 740.00 74S.00 750.00 755.00 760.00 


BAROMETRIC READING 


BACKGROUNDS 1,2 USING UNCORRECTED CPM 


9.00 


DACKGROUNOS 1.2 


USEING UNCORRECTED CPM 
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BACKGROUNDS 1,2 USING UNCORRECTED CPM 


BAROMETRIC TIME COUNTS/ STANROARD 
PRESSURE (MINUTES) MINUTE DEVIATION 
oO (MM HG) (UNCORRECTED) 
° ==. 55 
© 952-0 040389 
1438.0 00310 
2783.0 0.0227 
1037.0 0.0363 
857.0 0.0396 
1350.0 0.0319 
ES 1289.0 Oacar7 
5 +0458 . 
r 954.0 020379 
3867.0 060189 
990.0 020376 
1621.0 0.0286 
1056-0 0.0375 
98240 0.0374 
oS 2659.0 0.0220 
o 2851.0 0.0216 
w 3863.0 0.0187 
pa 900.0 0.0387 
5 994.0 0.0380 
> 1419.0 0.0314 
640.0 0.0859 
ey 983.0 0.0371 
x° 929218 
Nw 82740 020411 
no 1556.0 0-0303 
2395-0 0.0240 
= 93140 0.0374 
5 1220.0 1 0.0331 
P= 92220 1 0.0384 
os 3832.0 1 0.0188 
° 1s 9 
> 145540 le 0.0308 
95540 1. 0.0367 
$328.0 le 0.0160 
2296.0 1. 0.0240 
959.0 1. 0.0386 
1562.0 le 0.0293 
3 3892-0 1. 0.0190 
: feat ER ES 020230 
o 94460 Ve 0.0372 
962.0 le 0.0381 
3916.0 le 0.0183 
975.0 le 0.0375 
2566.0 de 0.0222 
97340 1. 0.0370 


2.00 


1.00 
| 
1.00 


750.00 73s.00 740.00 74s.00 780.00 788.00 760.00 
BAROMETRIC READING 


BAROMETRIC CCUNTS/Z COUNTSZ OFF 
=] PRESSURE MINUTE MINUTE 

= (CBSERVED) (PREDICTED) 
” 1.335 1.390 -0.055 
1.4442 14339 0.053 
12396 _ 12355 22201 
14434 1.384 02050 
1.364 1.363 0.019 
=) 14344 1-382 -0.038 
) 14377 14381 -0.904 
o 1.299 1.379 -0.080 
1.317 1.378 -0.061 
1.369 1.376 -0.007 

Zz is376 Qe009 _ 

14375 0-013 


1.373 0.009 


BACKGROUNDS 1,2,3 USING BOTH CORRECTED AND UNCOF 


8 BAROMETRIC COUNTS/ COUNTS/ Ore 
. PRCSSURE MINUTE MUNUTE 
) (OBSERVED) (PREDICTED) 

1.391 

° 

14386 

1.386 

a 


12383 


8.00 


6.00 7.00 


COUNTS/MINUTE 
$.00 


4.00 


3.00 


STANDARD ERROR= 040470 


2.00 


—SIGNIFICANCE OF LINEAR 
Bz -0.00372 PLUS OR 4INU 0200320 
) 


(-0- 00693.- 0.00052 
Biss pel 


©750.00 738.00 740.00 748.00 750.00 788.00 760.00 
BAROMETRIC READING 


BACKGROUNDS 1,2,3 USING BOTH CORRECTED AND UNCORRECT 


9.00 


HACKGROUNOS Lbe2e3 USING GOTH CCRRECTLCO AND UNCCKAECTED CRM 


BAROMETRIC TIME COUNTS/ STAROAL:D 
PRESSURE ( 4INUTCS) ALNUTE OFVIATION 
744.6 94040 1.335 0.0379 
744.8 952.0 1.442 0.0389 
S 745.8 1433.0 : 020310 
S Taoes = 1.434 ° 
o 746.5 1037.0 0.0363 
74607 A5ST*0 


747.0 


7.00 


S 12370 0-016 
S 14366 -0.043 
cr 1.366 02120 
16366 ~0.007 
1365 0.007 
12365 =020 
¥e365 =0403 
1.364 -0.039 
= 14364 -0.033 
> 14304 -04017 
o 1.368 1.364 0.004 
w 1.347 1.363 -0.016 
= 12435 1.303 0.072 
1.399. 02937 
= 1.341 1.362 =0-021 
1.350 1.361 -04013 
ie 12407 1.360 04947 
= 1-407 1.360 0.047 
Nu 1.354 1.259 -0.005 
n 1.326 1.359 -0.033 
ae 1.6315 1.258 + 0,043 
z 14496 )5358 02 0A6 
5 12395 1.358 0-037 
oS 1.320 1.356 -0.030 
+4 12430 1.354 0.076 
os 1.381 16353 0.028 
> 1.302 1.353 ~0.051 
1.333 1.352 0.019 
1.258 16352 0.006 
1.759 
1-346 1.352 
1.378 1.351 
S 1.284 1.349 
< 16259 1.3463 
o 1-326 1.348 
1.432 1.343 
16241 1.347 
1.30 1.346 
ete ties 
1.294 1.342 
= 1.205 14339 
J 1.3938 1.335 
a 1.313 14334 
1.374 1.336 
1.265 1.333 
1.234 1.326 


1.00 


STANDARO ERROR= 04-0641 


B= -0,00372 
(=0-C00924-0-09944) 


“730.00 735.00 740.00 


SIGNIFICANCE OF LIWEAR TERM? 


PLUS OR AINUS 9400290 


74S.00 750.00 788.00 


BAROMETRIC READING 


6.00 


Ww 
- 
= 
= 
oO 
=e 
Sw 
wo 
— 
= 
= 
©o0 
os 
* 0.0270 
z 040203 
0.0280 
* 0.0374 
0.0331 
0.0384 
0.0158 


3.00 


2.00 


o 
S 759 
*, 3 1.318 0.0 3 
- 759.6 1.374 Of 037S 
Le 1.265 0.0222 
62:2 3 0.0370 bs 


-0.00372 


"730.00 j 780.00 755.00 760.00 
BAROMETRIC READING 
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BACKGROUND #39 USING UNCORRECTED CPM BACKGROUND #10 USING UNCORRECTED CPM 
=) o 
oO oO 
o o 
8 | (=) 
Oo i=) 
bs 2 —~AACKGROUND #10 USING UNCORRECTED CPM 
== - ——— a — AROMETRIC TIME COUNTS/ STANDARD 
QACKGROUND #9 USING UNCORRECTED CPM OA ECeURE (MINUTES) MINUTE DE VIATLON 
S 2 (MM HG) (UNCORRECTED) 
. BAROMETRIC TIME COUNTS/ STANDARD | Se Pe 33.0 oe S34 0.0227 
aa PRESSURE (MINUTES?) MINUTE DEVIATION a Sey er yaa RR CLD, 1.336 0.0374 
(MM HG) (UNCORRECTED) 751.61 1056.0 ieee Cee ay, 
75167 900.0 1.34 > 
250 3 2659 ene ee eee oe On eros pears 1556-0 1.430 0+ 0303 
75144 40040 1.335 0.0578 754.7 92240 1.358 0.0384 
° 752.4 640.0 1.350 0.0459 is} 755.8 2296.0 1.326 0.0240 
3S 754.7 1220.0 1.333 0.0331 ° 
7 757.4 245020 1.294 0.0230 a = a - _—— 
Ww Ww A= 84148 -0,00898 
= 1.069 B= 0.00031 fe 
=] — —---—____— 3 a > BAROMETRIC COUNTS/ COUNTS/ DIFF 
= 3 = PRESSURE MINUTE MINUTE 
m0 BAROMETRIC COUNTS/ COUNTS/ OIFF a) (OBSERVED) (PREDICTED) 
Ss PRESSURE AINUTE MINUTE =e 
ae (O3SERVEO) (PREDICTED) Ss 746.3 BURY pct ee 1.943 209009. ai 
— . 12386 1.409 -O6 
wo 75163 1.2933 12302 -0.019 vb oon 12486 1.399 0.087 
ca 75164 1.335 1.302 0.033 75107 reser 1.394 = Os, 0ah 
z= Sarah oe Se aa 12350 Bee Wis (ec 182 04947 = 754.2 1.430 1.372 0-058 
=) 75407 1.333 1.303 0.030 =) 754.7 1.358 1-367 -0,009 
Do 757.4 1.294 1.304 -0.010 So 755.8 1-326 1.357 04031 
os] Os 
4 2 
zx STANDARD ERROR= 0.0341 + STANDARD ERAIR= 0.0497 — ee 
SIGNIFICANCE OF LINEAR TERM? _ eee 2. te LINEAR TERM: 
B= 0.00031 PLUS OR MINUS 0.01253 STONE Rage aren) OR MINUS 0.010948 
roy (-0.01222, 0401284) f=) (-0-01992, 0400195) 
°o ° 
o o 
o i=) 
=) =) 
“ “ 
= x 
oe ee ea ke, 
2 =e ° 
o °o 
o Oo 
o o 
< T Se ) ETE gy eee se = ot Wo 3 T 5 eS T 5 Meer aie 
30.00 73s.00 740.00 74S.00 780.00 78S8.00 760.00 730.00 73s.00 740.00 74S.00 7s0.00 7ss.00 760.00 
BAROMETRIC READING BAROMETRIC READING 
BACKGROUND #16 USING UNCORRECTED CPM BACKGROUND #16 USING UNCORRECTED CPM 
=) 
°o is} 
& : 
o 
i=) oO 
5 = 4 een erp a in an [e si “BAROMETRIC | COUNTS7 — COUNTS/ OFF 
o BACKGROUND wy USING UNCORRECTED CPM > PRESSURE MINUTE MINJTE 
COSSERVED) (PREDICTED) 
BAROMETRIC TIME COUNTS/ STAKDA 
PRESSURE (MINUTES) MINUTE DEVIATION jaele 
2 (MM HG) (UNCORRECTED) ° 74508 
2 i ——* 
+a — 020379 a 74607 
745.8 0.0389 747.0 
746.5 0.0310 7475S 
746.7 0.0363 748.3 
Lid. 4 0.0396 748.3 
747.5 0.0319 751.0 
iS 748.3 0.0317 ° 75146 
7 Lope 0.0379 & Sy AS 4s 
o Peas = 0.0189 _ me T5201 
us 75106 0.0286 w 75268 
= fare 0.0216 = 75404 
> 75204 0.0187 = 75465 
> 7e508 040314 = 75407 
754.4 0.0371 754-8 
Lh 754.5 0.0240 Pan 755.0 
oo 754.7 040374 =o epic oe La. 
UD 754.8 0.0188 Nw 7556 
w 755.0 1 0.0300 Ww 755-9 
= 755.5 c , 0.0308 = 756.0 
: . 0.0367 aT GG: == ee 
oe 75507 5323.0 1.359 0.0160 = ragt2 
755.9 939.0 1.432 0.0386 = 759.5 
©o 756.0 1562.0 1.341 0.0293 So 759.8 
Oo 758.3 944.0 1.305 0.0372 oOo 76202 
3 75962. 96240 1.398 0.0381 > 
Z5 93S 591040 1.318 0.0183 
. 2566.0 1.265 0.0222 STANDARD ERROR= 049397 
76202 973.0 1.334 0.0370 RRL ae e . 4 a ae 6x’ eA Jf 
“3 SIGNIFICANCE OF LINEAR TERM: 
A= 4.012 B= -0.00353 ° B= -0.00353 PLUS OR MINUS 0.00291 
< so (-0.00644,-0,00063) 
° °o 
o =) 
Fi a 
N 
x 
HH —— pn — te —— ge Mo —— on pte 5 
is} x 
= = mo 
° i=) 
° ° 
s —-~ + —— aaah, 1 “— tt = 
[730.00 735.00 740.00 74s.00 750.00 7558.00 760.00 30.00 785,00) FTO GON TU ale.0n aeaten ar gee 


BARGMETRIC READING BAROMETRIC READING 
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BACKGROUND #16-7 USING UNCORRECTED CPM 


9.00 


BACKGROUND #16=% USING UNCORRECTED cpm 


BAROMETRIC TIME COUNTS/Z 
= Cee (MINUTES) MINUTE DEV IASON 
+4 (UNCORRECTED) 
7Ta4 
wo oH 2$ = 2s DIACK 1d eae 
pata 0.0310 
0.0363 


00 


6.00 


a= 


9.00323 


5.00 


BAROMETRIC 


ws COUNTS/Z 
“PRESSURE 


WITNOTE 
(OdSERVED) 


_COUNTSZ 
“MINUTE 
(PREDICTED) 


OLFF 


12335 


14379 
14376 
1.373 
1.372 
1.359 

2357 
1.348 
1.347 
1.3467 
1.347 
12346 
1.344 
1.344 
Vests Fo 2106085, 
3.343 
335 
432 
330 
$23 


COUNTS/MINUTE 


.00 


3.00 


1 
1 
1 
1 


2.00 


~STANCTARD CRROR= 0.0503 ——- i 


gh 


SIGNIFICANCE OF LINEAR TRAM: 
G= -0.00323  LUS OR 4INUS- 
0.00736, 0.00090) 


1.00 


9.00413 


.00 


30.00 735.00 740.00 745.00 780.00 755.00 760.00 


BAROMETRIC READING 


BACKGROUNDS #9,#10,#16 USING UNCORRECTED CPM 
Oo 
oO 
oe 
——————FATKGRUUNDS #9,”10,915 USING UNCORRECTED CPM 
Oo 
So BAROMETRIC TIME COUNTSZ STANDARD 
% PRESSURE (MINUTES) “4 INUTE OCVIATION 
"i (MM HG) (UNCORRECTED) 
744.6 93040 1.335 0.0379 
~ 957.0 1.442 a 0.0389 
143540 1,386 0.0310 
° 2784.0 14434 0.0227 
=) 1037.0 1,364 0.0303 
3 BS7.0 1.344 0.0396 
ee 1350.0 Vs 3? 0.0319 
1239.0 1.299 0.0317 
95440 1.369 0.0379 
ae Ooms 1.385 0.0185 
99040 1.386 0.0374 
i=) 1621.40 1.323 0.0286 
5 105640 1.486 0.0375 
wo 2659.0 1.283 0.0220 
ei 40040 1.335 0.0578 
= 285140 1.331 0.0216 Ww 
3863.0 1.347 0.0167 = 
= — 900.0 1.367 0.0387 — 5 
= 1419.0 1.399 > 
-o 640.0 1.350 mas 
tS 933.0 1.354 = 
Nw 1556.0 1.430 = 
wn 239520 1.381 
te 9431.0 1.302 wn 
1220.0 1egad! t 
= 922.0 1.358 z 
pd 3832.0 1.359 5 
©0 1491.0 1.346 © 
oo 145540 1.378 oad 
y 955.0 1.234 
= 5328.0 1.359 
2296.0 1.326 
95940 1.432 
1562.0 1.341 
2450.0 1.294 
° 944.0 14305 
= 962.0 1.398 
pe 3915.0 1.318 
253060 1.265 0.0222 
973.0 1,334 0.0370 
A= 4.864 B= -0.00460 
o 
o 
a 
x 
° FP ge ts se hg 
o 
o 
o 
% sae ee SS T T 25 i 
"30 0u 735.00 740.00 748.00 750.00 758.00 760.00 


BAROMETRIC READING 


BACKGROUNDS #9,#10,#16 USING UNCORRECTED CPM 


9.00 


-0.00466 


4.864 


COUNTS/ 
MLNUTE 
(PREDICTED) 


1,39T 
1.390 
12385 
1.383 
1.382 
1.381 
1-390 
1.377 
Te S73 
1.373 
1-366 
16361 
1.3007 
1.3599 
1.359 
1.358 
1.358 
1.2358 
1.356 
16354 
1.352 — 
1.346 
12345 
1.345 
14344 
1.344 
1.344 
1.343 
Ne sae 


COUNTS/ OFF 
MINUTE 


(OBSERVED) 


BAROMETRIC 
PRESSURE 


=0.056"— 
0.0S2 


Te 3355 
16442 
1.386 


8.00 


T4466 
744.8 
745.8 
746.3 
74665 
74Ee7 
74740 
74765 
T4863 
748.3 


7.00 


6.00 


5.00 


00 


yu 


3.00 


STANDARD CRROR= 


0.0450 


SIGNIFICANCE OF LINEAR TERM? 
B= -—0,00466 PLUS OR MINUS 
(-0-00771.-0.00162) 


9-00304 


2,00 


x Sess x * x 


1.00 


00 


— r — — = 
"730. 0U 73s.00 740.00 748.00 7890.00 75S Lele} 760.00 


BAROMETRIC READING 


64 


NBS OXALIC ACIO STANDARD #1 USING UNCORRECTEO CPM NBS OXALIC ACIO STANDAROS 1,2 USING UNCORRECTED CPM 
° 
r) BAROMETRIC TIME COUNTS/ STANOARO 
s PRESSURE (MINUTES) MINUTE DEVIATION 
a (MM HG) (UNCORRECTED) 
= 7346sb 6.738 
73766 1001.0 6.905 A= 13.302 
745.0 251340 64945 
Ss 745.9 90240 7.081 
r=) 745.9 1000.0 6.875 
. 74668 1125. 72012 = -0.00860 
o 747.3 94540 64992 
747.5 93640 7.014 
5 300 62294 
749-3 95200 66915 0.0852 
75061 1034,0 6.939 0.0822 
So 
o 
x * 
G x 
cs mene nelS AO ee te Uy Bs Exes x * 
x x x 
* x x x x HEX 5 
eee: ee aa —_ ae 750.7 386040 6.874 0.0422 
= NOS OXALTC ACIO STANDARD #1 USING UNCORRECTED CPM ° 75201 131840 66731 0.0715 
cS) 75206 90040 00694 0.0832 
Saye is < 752.6 936.0 6.699 0.0846 
BAROMETRIC TIME COUNTS/ 753.0 95920 66891 0.0848 
PRESSURE (MINUTES) ARE aay DEV TAT TON a4 ——15 3.1 _____97.0 40 849.43 Ca 08ab 
(MM HG) . O06 2374 2 ORS 
2 75301 2450.0 6669) 020523 
plies 4251 Fak oes er ee 040526 z 75304 955.0 66770 0.0882 
TP eaSa9) 96240 7-081 670856 =o 75326 95140 66676 0.0838 
Ho ieee cbc 398 2:3303 = raat sis:8 uae abuse 
TAD 104 . ‘ = . 2156 +Alo . 
750.7 3360.0 64874 ete aa 7571 93640 6-014 0.084) 
752.6 966.0 6.694 . F T5799 28950. 6.857 029333 
752.6 936.0 0.0846 = 75806 107500 +630 0.0785 
753.6 951.0 Oe ay s 75902 965.0 6.907 020846 
Ses 53660 —-— * 76640 95040 6.703 0.0840 
75729 939.0 Eee 5o ia a 
758-6 Lorene 010846 SIS BAROMETRIC COUNT S7 TOUNTS/ DIFF 2 
75902 965.0 0.0840 = PRESSURE MINUTE MENUTC S 
766.0 S00) (OBSERVED) (PREDICTED) 3 
' . 
16.481 a= 73461 6-738 Csleae ° 
2 . 2 73726 6. +95 = 
Se <r te ee te = 78520 64945 Boe | zo 
BAROMETRIC COUNTS/ COUNTS OLFF rs) Lees eae Hie 
PRESSURE MINUTE MINUTE os 766.8 6.880 Laks 
( OBSERVOO) (PREDICTED) 747.3 6.876 ol ee 
6.945 62942 0.003 747.5 Gaee R | ex 
7.081 6.928 o133 ees 6.853 =| 2 = 
— bd . ae 
ee —— OL ES E. 75001 go 832 6 S88 
0874 6-893 oeeee = ae 62834 n | gao 
2694 6.824 -O- a » (eg So 
61699 6.824 Boul Es a 75206 e0830 ge]. 8 
4 6.808 -O6 526 
6 é1e 64754 -04140 753.0 64 927 E | oi 
60357 6.742 0.115 75301 34826 u| Zo5 
64630 6.731 -0,101 : Tou 62826 . | Se8 
___--__ 61639 Bs : 75361 22 z | =00 
6.907 6.722 0.185 a 
6.703 6.616 0.087 S 753.4 oe at <| uss 
-) * & 753-6 . be 
; - 75346 6.821 z | Z's 
rar a 75464 6-915 + =n 
STANDARD ERRIR= 041210 BRE GES) Pes Ae) eae a) oor 
757.9 oe 784 
- - 758.0 6.778 
FICANCE OF Lt EAR TERM: _ _ Re > 
eet ENE Se PLUS a MINUS 0.01085 ° Teo eerie 
(-0.026444-0.00464) cS) 3 st 
= = —+ r - T 307 
> 56 aho.00.. 748.00 750.00 755.00 760.00 765.00 [30.00 735.00 740.00 745.00 750.00 755.00 760.00 765.00 
iets peste a 00 BAROMETRIC READING BAROMETRIC READIN 
S A TANDAR N RRECTED 
NBS OXALIC ACIO STANDARD 3. USING CORRECTED CPM NBS OXALIC ACIO S DAROS 1,2,3 USING CORRECTE 
S BAROMETRIC TIME COUNT 
e i PRESSURE CRINUTES) COUNTS7 STANOARD 
So (MM HG) INUTE DEVIATION 
} roy (CORRECTED) 
oa 
BieQ _-..____£4 044 0.0800 
: 66956 0.0800 
meets 6.956 0.0400 
° ees 6877 040829 A= 11.806 
i=) ° 6.883 0.0800 
cS - 962.0 72059 0.0857 
© 945.0 6.965 0.0859 %= -0.09660 
© Persie e) 7.007 0.0865 
95260 _ 5,864 Soae9 
ee 6.826 "040800 
. 6-826 0.0800 
° 1034.0 6-996 0.0822 
= 4 x nities x 
(es 
ah) ot et x x I RL ERs 
re x a 
+0 6.932 0.0800 
0.0 6.932 020800 
S 040 64845 0.0800 
7 S +0 6.345 0.0800 
S - 999.0 _ _ 60881 0.0547 
3 © 900.0 6-301 040945 
© eee = a EETED CPM bess See 6.364 0.0300 
w ——— RS AKMALIC ACTO STANDARD 3 USING CORRECTED . 66854 0.0800 
= NAS DXALIC ACTO = 040 6.911 0.0800 
> ° 6.911 0.0300 
z BAROMETRIC TIME COUNTS/ STANDARD ==) 939.0 6329 0.0A31 
=o PRESSURE (MINUTES) MINUTE DEVIATION =o 26540 6.851 610843 
=o (MMHG) (CORRECTED) ae 95008 os 6.6381 _ 0.0839_ 
<a wm BAROMETRIC CCUNT SZ COUNTS/ Ore 
o 7a te eee —_-—1+949 __—- errtanee oo = PRESSURE JINUTE MINUTE 
pate cABeS 6.826 0.0800 z eIrTs CONSERVED) (PPEODICTED) 
= hie 6.932 0.0800 = 
5 75104 ec a5 020800 So 7.018 0.02€ 
= 75201 anys 0.0800 Os 6.984 -0.028 
4 75369 6.911 0.0300 - 64994 -0.028 
oo A 7546! - za 6.975 -90.09R 
x wns Ro 0.962 
, 4 Se ae - 6492 90139 
B= -0,00652 50511 0.054 
Tor 65910) = 0.097 
64598 ~04934 
BAROMETRIC COUNTS/ COUNTS/ DIFF 2 6.897 Bo ark 
°o PRESSURE MINUTE MINUTE é 6.397 -9.071 
ro) (O3SERVEO) (PREDICTED) ra) 0393 02093 
> 54994 Oo. 
Se 73lel 7 +044 _ 22014 BL AAS ae 
736.3 6.956 66980 66879 ko aa 
7a9.8 5.826 66895 00069 3 6.879 -01034 
751.4 5.932 6.332 0.050 oe873 0.008 
75201 56345 64877 -02032 on) 6.873 ace 
o Say 6.A64 6.865 -0.001 ) eae ats 
cS) 754.3 661 64854 Del 7, a 6.867 Bonds 
a 6.866 0.045 
= 6-966 0.045 
STANDARD ERROR= 040447 6.841 -0.012 
~ 6.832 0.919 
6.738 -04107 
SIGNIFICANCE OF LINEAR TERMS = 
B= -0.00652 PLUS OR “MINUS 0400465 a STAHODARY EKROD= 9.0613 
(-0,01120,-0.00184) ss, 
SIGNIFICANCE OF LINEAR TrRM: 
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INTERCALIBRATION SAMPLE QL-202 USING UNCORRECTEO CPt 


9.00 


SIGNIFICANCE OF LINEAR TERM: 
B= -0.00063 PLUS OR MINUS 0400631 


8.00 


7,00 


COUNTS/MINUTE 


o 
°o 
wo — 
{INTERCALIGBRATION SAMPLE QL-202 USING UNCORRECTED CPM 
BAROMETRIC TIME COUNTS/ STANDARO 
° PRESSURE (MINUTES) MLNUTE OFVIATION 
ro) (MMHG) (UNCORRECTED) 
1» = 6706 0.0827 
743.7 67540 6.622 0.0990 
744.2 987.0 64623 040819 
744.7 965-0 6.651 0.0830 
74503 985.0 64626 00819 
i=] 74665 974.0 6.765 0.0833 
3 74608 1062.0 6-662 0.0792 
* 747.0 97040 6.712 0.0832 
om 7246.0 1016.0 3 — 6a 561 0.0804 = 
748.0 2140.0 6.738 0.0561 
T5769 1082.0 62590 0.0760 
764e0 985.0 6.702 0.0825 
‘iS a= 72139 B= -0.00063 
o 
BAROMETRIC COUNTS/ COUNTS/ OIFF 
PRESSURE MINUTE MINUTE 
COBSERVEO) (PREDICTED) 
Oo 739.6 6.706 0.031 
o 743.7 62622 -0-.050 
2 744.2 64623 -0.049 
on) 74407 6.651 =0 
T4503 92026 -0-.045 
T4EWS 66765 0.095 
74663 62662 -0.008 
74720 64712 0.042 
oO 748.0 6.561 70.109 
°o 74820 64738 0.068 
75729 26590 -0.073 
a 76406 62702 02043 


STANDARD ERROR= 040624 


3 
350.00. 735.00. 740.00 745.00 750.00 755.00 760.00 765.00 
BAROMETRIC READIN 


INTERCALIBRATION SAMPLE QL-202 USING CORRECTED CPM 


9.00 


6.00 


o 
o 
= 
—— i Bq x 
x 
Oo 
°o 
wo = — ai 
a TNTCRCALTBRATION SAMPLE 91-202 USING RECTEO CPM 
= BAROMETRIC TIME 
z= COUNTSZ STANDARD 
= PRESSURE (MINUTES) MINUTE DEVIATION 
=e (MM HG) (CORRECTEOD 
Sw QALeO _ ~— 69696 
wo 965.0 6.710 cl 
= 974.0 6.728 
z 1062.0 6.659 
5 97040 6.662 
Go 1082.0 6.554 
os 985.0 6.712 
ar & = - 
A= 8.336 ~6= -0.00229 — ent Pi 
BAROMETRIC COUNTS/ COUNTS OFF 
= PRESSURE M(NUTE MUNUTE 
(OBSERVED) (PREDICTED) 
o 73906 62696 | 6s 695 0,90 : 
744.7 6.710 660g oe = 
746.5 6.728 64679 0.049 
74668 6.659 6.679 -0.020 
747.0 6.662 6.078 0.016 
75729 5.554 6.653 0.099 
764.6 be712 6.633 0.074 


2.00 


~~ STANDARD CRROR= 06,0564 ae . - ra eee —————— 


SIGNIFICANCE OF LINFAR TERM: 
Az -0,00229 PLUS OR MINUS 0.00652 
(-0,00681-4 0.400423) 


1,00 


x a =) ~- 
Sen nn 736 no 740 OO 74S 00 750 00 75s 00 760 00 76S.00 
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BACKGROUND 1,2 USING UNCORRECTED CPM 


2.00 


.80 


53.2% of the uncorrected values lie within one standard deviation of best line 


1.60 
ee 


PuON TS Manure 


So 
oS 


+ TT oO ere Oo O3OmnmnmDWvOWOwOwvC aaa 
“744.00 746.00 748.00 780.00 752.00 754.00 756.00 758.00 760.00 762.00 
BAROMETRIC READING 


BACKGROUNDS 1,2,3 USING BOTH CORRECTED AND UNCORRECTED CPM 


55.9% of corrected & uncorrected values lie within one standard deviation of best line 


.80 


75% of corrected values lie within one standard deviation of best line 


1 


Values marked with the dashed lines are corrected values 


1.60 


40 


1 


COUNTS/MINUTE 
1.20 


1.00 


2k ate £m lite a = ea Se eae ce ae ee ee ee ee ee 
4U.00 746.00 748.00 750.00 752.00 754.00 756.00 758.00 760.00 762.00 
BAROMETRIC READING 


7.00 


6.80 


80 


8. 


40 


COUNTS/MINUTE 


COUNTS/MINUTE 
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NBS OXALIC ACIO STANDARDS} 1,2 USING UNCORRECTED CPM 


7.00 


.80 


6 


60 


Gi 


40 


42.9% of uncorrected points lie within one standard deviation of best line 


6 


6.20 


742.00 746.00 750.00 754.00 758.00 762.00 766.00 
BAROMETRIC READING 


“730.00 734.00 733.00 


NBS OXALIC ACIO STANDARDS! 1,2,3 USING JCORRECTED (OR UNCORRECTEU) CPM 


Values marked with the dashed line are corrected values 
54.8% of uncorrected & corrected points lie within one standard deviation of best line 
77.8% of corrected points lie within one standard deviation of best line 
> == . —- ~—— —— T ye T T 1 
30.00 734.00 738.00 742.00 746.00 750.00 784.00 788.00 762.00 766.00 770.00 


BAROMETRIC READING 
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INTERCALIBRATION SAMPLE QL-202 USING CORRECTED (OR UNCORRECTED) CPM 


75% of uncorrected or corrected values lie within one sgandard deviation of best line 


. 80 


60 


G. 


40 


COUNTS/MINUTE 


6.20 


6 


30.00 734.00 738.00 742.00 746.00 750.00 754.00 758.00 762.00 766.00 770.00 
BAROMETRIC READING 


INTERCALIBRATIGN SAMPLE QL-202 


6.80 
Be 


60 


ae 


Bi 


40 


COUNTS/MINUTE 


75% of observed values lie wibhin one standard deviation of best line 


20 


Ie 


Al 
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APPENDIX 


Revised Operation Procedures for Ocean Chemistry Radiocarbon 
Laboratory from Report by R.D. Clyne, May 1973. 


(For more complete details see a copy of the original report 
available in the laboratory.) 


Al.1 Preparation of CO, by Oxidation of Oxalic Acid by Acidified KMnO,. 


10) Do not let CO 


a 
5 (COOH) 2KMn0 , te 3H,S0/, 3 K,80, 3 2MnSO, oF 8H,0 3H 10C0,,t 


(See P. Karrer, Organic Chemistry, Nordemann N.Y., p. 294(1938). 


NC 


Procedure: 


1) Dissolve Oxalic Acid 11,25 ¢. (dihydrate, 15.75..2) ineteSams 


boiled distilled H,0 in plaeke7. 


2) Dissolve 8.15 g KMnO, in 200 ml hot distilled H,O and add 
4.5 ml 36N H,S0, (cover to minimize dissolution’ of air CO,). 


3) Close S-1, S-2 and pump line until oxalic solution bubbles, 
then close S-3 and evacuate completely. 


4) Close S-8 and open S-2 to purge with nitrogen gas, then 
re-evacuate (follow procedure twice). 


5) Place dry-ice around traps 8 and liquid N, around trap 6. 


2 


6) Fill vessel 1 with KMnO, solution; slowly open S-1l to admit 
solution to flask 2, start stirrer. ; 


7) Allow reaction to procede slowly, periodically opening S-3 


and S-4 monitoring the pressure at approximately 1/2 atmosphere 


and removing water in trap 8. 


8) With S-3 closed, periodically open S-6 to trap CO, in trap 6; 
with S-6 closed pump on trap 6 by opening S-8 monitoring 
pressure with Pirani 9. 


9) Retain some KMnO, always in vessel 1 by replenishing until 
reaction goes to completion (brown sol = remains); stir and 
simmer for approximately 1/2 hour while periodically trapping 
out CO... 


9 line pressure exceed 1/2 atmosphere. 


70 


Appendix (cont'd) 


11) After total CO, liberation and trapping in trap 6, (a brown 
precipitate remains in flask 2), liquid nitrogen may be 
removed from the trap with S-6 closed and S-10, S-14 open 
and CO, collected in 5 liter storage bulb 12 or passed directly 
theoten the wet purification line via s-7, 6, 9, 20 anda 16. 


12) Line should be pumped between S-9 and S-1 and left full of 
nitrogen admitted through S-2. 


Note: To ensure the reaction goes to completion and to minimize 
fractionation, the flask may be heated (simmer) for approxi- 
mately 1/2 hour and residual CO, collected. 


2 
A2 Preparation of CO, Using Parr Combustion Bomb 


Procedure: 


1) Sample must be chemically prepared*, finely divided, dried 
and placed in clean combustion cup. 


2) A new fuse wire is inserted (Parr Bomb Instruction Manual). 
The bomb reassembled, pressurized to 15 atmospheres with 
high purity oxygen, sealed at S-13 and fired in its protective 
shield. 


3) Valves S-12 and S-1l are used for gas release flow regulation 
in conjunction with manometer 7 and bubbling rate in solutions 
184819 .bi205 


* The organic sample is finely divided, boiled in 0°*1N HCl, NaOH 
and again in HCl for approximately 3-4 hours each, washed in 
distilled water and oven dried. 


A3 Preparation of CO, by Vycor Tube Combustion (See W.S. Broecker, et.al 
Int. J. Apps. Rad. Isotopes 7,.1 (1959);' and) W. Dyck; GSC Report 
66-45, 1967.) 


1) Following the procedure of Broecker et. al., flow of nitrogen 
and oxygen in succession and regulated and dried via traps 16 
and 17; the sample volatiles and non-volatiles are combusted in 
the gas stream within a yycor furnace 13 to produce CO, before 
passing via S-10 to the wet purification line. 2 


AG Wet Line’ PurtEication of cO., 


Procedure: 


1) Before use, the wet line from S-16 (including S-9, S-10) to 
S-22 should be evacuated via S-20. 


2) Then with S-20 closed, S-16 is slowly opened to the nitrogen 
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A5 


3) 


4) 


5) 


6) 


7) 


8) 


2) 


Hot 


1) 


2) 


3) 


4) 


gas supply which bubbles through traps 18, 19, 20 until 
approximately 5-10 cm Hg pressure is recorded at manometer 7 
via S-19. (An ascarite filled flow trap in the nitrogen line 
may be inserted to absorb any CO, in the nitrogen purge gas. ) 


S-20 is partially opened to maintain a nitrogen purge gas 
pressure of 5 cm Hg. 


S-10 is opened and flow (or static) pressure of co, monitored 
on manometer preceding trap 5-6. 


S-16 is now readjusted to maintain a similar flow rate at 
manometer 7 (S-19) and to regulate a moderate bubbling rate 
through traps 18, 19, 20. 


Dry ice is placed around trap 8 and liquid nitrogen placed 
around trap 6. The oxygen combustion gas is continuously 
pumped through S-20 via S-9 and S-8 to pump 10. 


After aimost total CO, collection through the bubblers, 
complete recovery is achieved by purging with nitrogen. 


The CO, is pumped while frozen in trap 6 under liquid nitrogen 
then admitted to storage bulb 12. 


The line pressure is equalized and brought to 1 atmosphere with 
nitrogen to minimize back-streaming of the liquids in the 
bubblers. 


Pt-Asbestos and Cu furnace Purification + Radon Removal 


The furnace line is initially evacuated by mercury diffusion 
pump to better than 1074 mm Hg with both furnaces at 420°C. 


The co, gas is passed via S-23, 24 through the platinum- 
asbestos furnace at a few cm Hg pressure monitored by manometer 
7 from $=27/% 


The gas,.is, either trapped in 6 or cycled via S-29, 37 tothe 
copper furnace 13 and after multiple passes through the furnace, 
stored in a 5-liter flask 12 through either $-35, S-51 or S-49, 

a sample of which is stored in 22 for carbon-13 istope fractiona- 
tion determination. 


Radon removal trap 23 is 95% successful or better for this 
purpose and also removes nitrous oxides. The outer copper 
tube is placed in liquid nitrogen, the sample frozen at -78°C 
and then pumped for 2 or 3 short periods of a few seconds 
duration each. 


Te 


Appendix (cont'd) 
5) The copper furnace 25 is regenerated by filling with hydrogen 
gas via S-42 while at 420°C and then evacuating to 10 “ torr. 


A6 References 


A6.1 General Reference List 
1. American Journal of Science, Radiocarbon Supplement. 


2. Nobel Symposium 12, 1970: Radiocarbon Variations and Absolute 
Chronology, John Wiley and Sons Inc., Uppsala, Sweden. 


3. Royal Society of New Zealand, 1972: Radiocarbon Procedings 
New Zealand, Wellington. 


4, International Conference of Radiocarbon and Tritium Dating, 
6th Procedings, June 7-11, 1965: Washington State University, 
Pullman, Washington. Conf. 650652. TID-4500(1966). 


5. International Atomic Energy Agency, Vienna, 1963: Radioactive 
Dating Procedings of a Symposium, 1962, Nov. 19-23, Athens. 


6. Dyck, W., 1967: The Geological Survey of Canada Radiocarbon 
Dating Laboratory GSC, Dept. of Energy Mines and Resources 
Paper 66-45. 

7. Libby, W.F., 1965: Radiocarbon Dating, Univ. of Chicago Press. 


8. Radioactive Dating Methods of Law Level Counting, 1967: IAEA, 
Vienna. 


9. Venverloo, L.A.J., Practical Measuring Techniques for Beta 
Radiation, MacMillan. 


10. Dorsey, H. Gorman, 1973: Precise Measurement of Oceanic 
Radiocarbon, M. Sc. Thesis, University of Miami. 


73 


A6.2 Instrumental Reference List 


Brannon, H.R., M.S. Taggart, Jr. and M. Williams, 1955: Rev. Sci. 
Instr) 2633 «269% 


Broecker, WiS.,.Cus., Tucekvand EArt Olson, 1959: Inst. J. Appl. Rad. 
Tsotopes, 7;- 1. 


Broecker, W.S., J.L. Kulpsand C.8. Tucek,. 1956; Science, 124,154. 


Fergusson, G.J., 1955: Nucleonics, 13, 18. 
semvand Gio. McCallum, LIS7ANJALd. oCtis. Lech... 538, 9077. 


Houtermans, F.G. and H. Oeschger, 1958: Helvetia Physica Acta, 
3 Pee sh. 


Kulp, J.L. and L.E. Tryon, 1952: Rev. Sci. Instr., 23, 296. 
Moljk, 7A. and. S.C. Curran, 71954:, (Phys. Rev. 96,, 395% 

Olsson, ui.U,.,. L968* Barth Scinw Rev... 4. 

Sheckler, A.C., 1951: Nucleonics 8, 44% 

Tamers, M., 1961: Geochem and Cosmochim. Acta, 24 (314), 266. 


Vries, H. de, M. Stuiver, 1.U. Olsson, 1959: Nucl. Instr. Methods, 
5, ee 


Vries, H. de, and G.W. Barendsen, 1953: Physica, 19, 987; 1952: 18, 
6525 


oI 


1 > 
ile 
¥ 


i 
ry 
ie 
Core 


Cran a “— 


ary o) 
> aa 


kneel , a ts ee 
See: “ae ate wat + aie 3 


‘] 
o o 


2 ae a 


te 


i. 


as aces At bao deceit 


CLARE .sarpkoe 7020! ..aoovT .2.9 bas tom ee ut W oo 
Pi ae A 1S f yi 
Girma . i tn Dire Yi hy 
ey uhibead theenal a Mee agtnes foul, 228 tow Lieeaetnanies 

. ANN (Bea ,.dost ,fos LA et 2el vo Efo3oH tr bae.~ ae es 

‘ = * 4S al ins r, , ; > 3 arnoesa Va axi ATAG anid ‘abnoluse a 

i e$390A 9 Laydd. #3: iiell veer! «19g ged: Oe 8 penne snaemnank i pe 
| sen) Missed ; \luad 9TZt daddon Ke ¥b6 0 Rrodedings i " can: 
ae. ES sae ay, oh ae v 4h F s£€Cl ywoyaT .B.2 Doe vd, U tae 7 ae 


vi, 
% x 4 
i 282 80 aval ARES na Shs TUE ie teen te ibe, 
i hl UW es LShox Washilagtan: Stadt eubgaralys | 
= : j Oe , pe gy .4 KPMG) Gerace ; SBIR, “ Sod emoneld © ‘ 


i : " 

lp . . ue ea AAP 8. gat bly alan! hi ce et re Fee deta n my 
; ‘aac. CALE) dS (e254 vt ome | bas a sioge0 :faef ..M. sz9mmeT ie 2 

4 2 ' eva’ of sade Rad: cakh il a i Ve 


| 


7 -eboriaM “aeanl hou .£20l aaoqale . Lut qxoekudey, ce ‘abe Jit. sieeve eo Wake 
: af i as 7 i J ; 
n Pa ute MOBLE GR. hth 


ok 
Bi #Seel 1 aR. Qk ,saterd? 3Ce0L_neahos ied wit Q) bas, eeh fair ie 
7 | ut, mG 
of Low Level Ceuntsig, L5G? E TAMU, 


+ ot 
¥ : w Lis is 
£ i Meawirt i (itTaeue for hea 
ris i ye 6 
ere 4 ’ ’ ait 
Li at ,' = . ’ ° te’ ‘ 
fs) : 
i Nreoteé Measurement of UO soanks rr 
‘ " a @ atel, ¥ i yi . 4 r i . 
4 in ri ay) ,ataly, e : he 


in. 
yet neste 
; ; J 


ae (ard 


spl wien mete Ie! 


Saitou 


ee prieaeae 


Seine 
OP TT 


ahaa wie area 


. 


eps 


mnabeictcletete 


Terie laneiatate 


maystane tate 


serra 
aoe 


tees 
arate aoie inert 


Naa ane 


apiminyesn ne 
Sreyere een ys! 
Tejeies 


sn natenererquete’ 


sereve ein iti rie) rn - 2 . , + 
: : Sotere eT 


ree 
euewe anus nmiacee 


